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NOTICE 


The specifications contained within this Sharp Memory Data Book are current as of the 
October, 1991 publication date. 


The product data provided is classified and labeled as follows: 
CLASSIFICATION * DESCRIPTION 


Product Preview Contains information about a device that is in the 
planning stage or the soon to be in-development stage. 


Advance Information Contains information about a device that is in 
| development. Includes design specifications for device 
development. 


Preliminary Contains information for device soon to be, or recently, 
released to production. 

No label is used for this Contains information about a device that is in full | 

classification. production. 


* Note: occasionally certain product data information may be classified and labeled 
differently than the main classification label. For example, a main label may be ‘Preliminary’, 
but the 15 ns version of that part may be labeled ‘Advance Information.’ 























The Sharp Memory Data Book is the proprietary product of Sharp and is copyrighted, 
with all rights reserved. Under the copyright laws, no part of this publication may be 
reproduced or transmitted in any form or by any means, electronic or mechanical, for any 
purpose, in whole or in part, without the express written permission of Sharp. Express 
written permission is also required before any use of this publication may be made by a 
_ third party. 


Sharp reserves the right to make changes in the circuitry or specifications described 
herein at any time without notice in order to improve design or reliability. The information 
in this Memory Data Book has been carefully checked to be accurate, however, Sharp 
makes no warranty for any errors which may appear in this document. Contact Sharp to 
obtain the latest version of device specifications before placing your order. 


Sharp makes no representations that circuitry described herein is free from infringement 
of patent or other rights of third parties which may result from its use. No license is granted 
by implication under any patent rights or other rights of Sharp Corporation. 


This is a newly revised 1991/92 Memory Data Book which can be used in place of the 
former edition (1989/1990). 


© SHARP Corporation, October 1991. Printed and bound in the U.S.A. 


PREFACE 


As we become more and more an information-oriented society, memory products have 
come to play a major role in both home and office equipment. On the one hand, com- 
puter-related services are growing ever more sophisticated and diverse; on the other, they 
are becoming much more accessible to each of us in our daily lives. Along with this 
increase in the importance of the information processing in our lives, we are faced with a 
growing demand for memory products using the most advanced technology. 


To keep pace with this rapid progress, we at Sharp will continue to direct our efforts at 
understanding the crucial trends of the moment in this area and supply our customers with 
products that truly meet their needs. In short, to contribute to a better life for all of us in 
this age of expanding technology. | : 


Sharp has developed a wide range of memory units including SRAMs, DRAMs, EPROMs, 
OTPROMs, Mask Programmable ROMs, and FIFO Memories for use in numerous areas 
of application. Sharp memory units are used extensively in personal computers, advanced 
office automation and measuring control eripment video games, as well as in character 
processing and dictionary ROMs. 


This data book has been especially compiled for the use of our customers. Listed here 
is the entire range of memory products developed and manufactured by Sharp, with detailed 
explanations of their many functions and outstanding features. We hope that you find this 
book useful in determining which Sharp products are best suited to your needs. Please 
contact us directly if you have any further questions. 


SHARP’S INTEGRATED CIRCUIT DOCUMENTATION 


¢ 4-Bit Single-Chip Microcomputers 


MICRO- 
COMPUTER 


¢ 8-Bit Single-Chip Microcomputers 
¢ 8-Bit Microprocessors/Peripherals 
¢ 16-Bit Microprocessors/Peripherals 


¢ Development Support Tools 





24-Bit Real Time Digital 
Signal Processing 


° Data Sheets BIPOLAR 


= 5 ha e User's Guides 


PROCESSING ¢ Simulator Guides 


¢ Application Notes 


¢ Evaluation Modules/Boards 





Dynamic RAMs, Field Memories 


Static RAMs, Pseudo Static RAMSs | RELIABILITY 
HANDBOOK 


EPROMs/OTPROMs 


Mask Programmable ROMs 


FIFO Memories 








Gate Arrays/Standard Cells 

Display Drivers, Telecommunications 
MODEMs, CCDs/CCD Peripherals 
ICs for Audio/Visual Equipment 


Voice/Melody Generators, ICs for Clock, etc. 


Operational Amplifiers/Comparators 
Transistor Arrays, Voltage Regulators 
A/D, D/A Converters, Bus Interfaces 

ICs for Audio/Visual Equipment 

CCD Peripherals, ICs for Telephone, etc. 


Quality and Reliability Assurance System 


How Sharp Views Semiconductor Device 
Reliability and Reliability Prediction 


Reliability Testing 
Failure Analysis 


Proper Handling of Semiconductor Devices 
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General Information — Product Lineup 








DYNAMIC RAMs MASK ROMs 
Density Organization Density Organization 
LH21256/7/8 256K 256K x1 2-1 LH23126 128K 16Kx8 6-6 
LH2464 256K 64K x 4 2-15 LH23255 256K 32Kx8 6-10 
LH2465 256K 64K x4 2-25 LH23512 512K 64K x 8 6-14 
LH604256 1M 256K x4 2-35 LH231000B 1M 128Kx8 6-18 
LH64258 1M 256Kx4 2-48 LH231100B8 1M 128Kx8 6-22 
LH64400 = 4M_—sé«dIM 4 2-59 LH53259 256K = 332K x8 6-26 
PSEUDO STATIC RAMs LH53515 512K 64Kx8 6-32 
SGenses: | Geel Sew get LH53H1000 1M 64Kx 16 6-38 
TGBRIDE, ANSARI a LH53H1100 1M =: 128K x 8 6-43 
LH530800A 1M  128Kx8 6-48 
ieee LH530900A 1M —s-: 128K x 8 6-54 
eee 18h «sexe = LH531000B 1M 128Kx8 6-59 
Pees. eS Ee oe LH532000B 2M  =- 256K x B/128Kx 16 —-6-65 
mine 1 ee =10 LH532100B 2M 256K x8 6-70 
pee Pe. eae 4-23 | LH532200B8 2M 256K x8 6-74 
Erte? oa ee ae LH534000B 4M —_ 512K x 8/256K x 16 6-79 
ole Si se 4-39 | LH534100B 4M 512Kx8 6-84 
LH51256 0 256K = 32K x 8 noe LH534200B 4M 512Kx8 6-89 
Piiptepee. .2chem See ae LH534300A 4M = =—s« 512K x 8 6-93 
Spas ye ce a ae: LH534400A 4M = 512K x 8 6-98 
EHib267h. Gi eh xs oe LH534500A 4M = 512K x 8/256Kx 16 6-103 
Pies. eek: ean ee vee LH534600  4M_=—s 512K x 8/256K x16 — 6-109 
pHpeeoenns roles: seen oe LH538000 8M ss 1M x 8/512K x 16 6-114 
LH52251A 256K 256K x1 4-84 aeseioo: ak “AACE Eaep 
LH52252A 256K 64K x4 4-92 Megasao: Ok “aNiGea care 
Epeeeee, ee: Sones wii LH538500A 8M =—s 1M x 8/512K x 16 6-130 
LH52253 0 256K — 64K x 4 4-106 LH5316000 16M  2Mx8/1Mx 16 6-137 
nese sa ae ‘ : es LH5332000 32M 4Mx8/2Mx 16 6-143 
: : 
LHS2256LL 256K 32Kx8 oe bp ee ; 
LH52258 = 256K 32K x8 4-127 piliveseabel en eae a 
EIESSER: | eee: “Abia ae LH5485/95 256 x 8/256 x 9 7-16 
LH521002 «1M 256K x 4 4-143 EH5496 S122 7-31 
LH521007. 1M 128K x 8 4-151 LH5497 1K x9 1-47 
LH521008 1M 128K x 8 4-159 LH5498 2K x9 7-63 
LH521028 1M  64Kx18 4-167 LH5499 4K x9 1-79 
LH521032. 1M 256K x 4 4-182 LH5492 4K x9 7-92 
LH5493 4K x9 7-114 
ssid echt baat anata LH5494 4K x9 7-131 
EhS7S9) GAR BRS a LH5420 256 x 36 x 2 7-147 
ee =e LH540201/2/3 512 x 9/1K x 9/2K x9 7-188 
LH5763 64K 8Kx8 5-15 ifeaosod ae e408 
LH5764/) 64K = 8K x8 5-22 nucaaeos aes ere 
LH57126) 128K 16Kx8 5-29 ihiesaaae seks aA 
EMoiiei eee TER Xe oan LH540215/15 512 x 18/1K x 18 7-196 
LHS7254i) 256K 82K x6 re tani — - 
5 x - 
LHS57256/) 256K 32Kx8 S6f | ee ee 
LH57512) 512K 64K x 8 seq | ete ONS a 
LH571000/. 1M 128K x8 5-72 Enoeee: eee ont 
LH5710010 1M 128Kx8 5-81 | APPLICATION AND TECHNICAL INFORMATION 
LH5420 Application Note 9-1 
LH5420 Conference Paper 9-7 
SHARP 1-1 
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DYNAMIC RAMs 


CONFIG- OPERATING MODEL ACCESS TIME (ns) PACKAGE 
CAPACITY URATION MODE NUMBER 80 100120150 DIP TSOP SOJ ZIP 


| PAGE MODE LH21256 : re} | fre! 
scons HL reece move |] ineresr -{_ re] | fe 
a | BYTE MODE LH21258 Z re} | fie 


PAGE MODE Hades [| ref || | 


wana} [oer EHO 
[ DYNAMIC 
RAM _ | HIGH SPEED 


petewooe [—jeemass T | | =| ||) 
STATIC 
[ou ttn oe Pid rel ll 
HIGH SPEED 
[am ff me F eetasse [Levee EL | | ple] 2e | 
NOTES: | 


(-) (Empty box) = Contact Sharp representative for availability. 


= Operating frequency or access/cycle time parts that are available 
at the publication time of this data book. 
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DYNAMIC RAMs 







CONSUPTION 

OPERATING: | OP Hil 

STANDBY (mW) 
MAX. 

































CONFIGURATION 
(WORDS x BITS) 





MODEL NO. 






262,144 x 1 LH21256 | 100 =< {6DIP/6ZIP 
a 
LH21258 


440/28 
440/28 
150 385/28 
100 Nibble mode 16DIP/16ZIP 
0 
0 
war 
440 
65,536 x 4 LH2464 
= 
0 
0 
Mm 
_ 
5 


| s2a8 | Page mode 18DIP 
457/28 
413/28 


ss - 


985 
High speed | 20DIP/20ZIP/26S0 
page mode 
a74/t1 


ede 


| 4aore8 | Byte Mode 16DIP/16ZIP 
262,144 x 4 LH604256 
L64256 


1,048,576 x 4 LH64400 ' ( 
NOTES: 


1. Static column mode 

2. High speed page mode 

3. S: Type ll: Forward bend 
SR: Type li: Reverse bend 





Static column 20DIP/20ZIP/26SOJ 


mode 











20DIP/20ZIP/26SOU 
26TSOP (Il) ° 






High speed 
page mode 
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MASK PROGRAMMABLE ROMs 


CONFIG- 
URATION 


[ekxe. 
[aak xe 


PINOUT CAPACITY 


JEDEC 
STANDARD 
EPROM 
PINOUT 


B 
AUG 
SERENE 


MASK 
ROM 
SPECIFIC 
PINOUT 


256K x 8 
128K x 16 


512K x8 
J256K x 16 
2M x 16 


x8/x16 
WORD WIDE 
| PINOUT 


NOTES: 


MODEL ACCESS TIME (ns) PACKAGE 
NUMBER 35 55 100120 150200 DIPSOP TSOP QFP PLCC 
et | [1 
et 11 
et [TT 
ele] [a] 
mt [TT 
ee. [#1 
mlz] _[“._ 


LH53H1100 


jof4o] awl | 
44' 


40140] ..|44 
40.[40[ [44 

40 44 
40 44 


LH53H1000 


LH532100B 


- 
s 
aS) 
> 


LH534100B 


- 
é 
: 


LH231000 


LH§31000 


LH231100B 


LH532200B 


LH534400A 


LH534200B 


LH538200 


| LH538200 








= aleleal- 
LH538000 “a | aeily Vek 
LH5316000 rf yt yf bas] | e4] | 





[_] (Empty box) = Contact Sharp representative for availability. 
= Operating frequency or access/cycle time parts that are available 


at the publication time of this data book. 
LH2XXX: NMOS = LH5XXX: CMOS 


1. 14x 14 mm? package 


MD-5 
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MASK PROGRAMMABLE ROMs 


ACCESS TIME 
POWER CON- 
CONFIGURATION ns) MAX. 
(ns . 


SSS AE OE AS STD AAAS S/T e 77 et te SS SSD 


Tee [ anes nee 
ee 
ee 
wea 


131,072x8 LH231 0008 LH231 GXX 280 IP 
ven | wena [a0 [em 
92,768 x 8 LH53250 | 150 28DIP/28SOP/440FP/S2PLCC 


a0 
a 
0 
Testo | 0 

TT esasexe | wees | ucts [to] 
a 

= 
T— wosoon [ures [80 

aan 


vaonso | 27 


262,144 x 8 LH532000B LH532GXX 120/150 27: 
131,072 x 16 


524,288 x 8 LH534300A LH534DXX 
uHss41008 | LHS _| 
LH534400A | LHSSAEXX | 


LH534200B LH534JXX 


28DIP/28SOP/44Q0FP ' 


131,072 8 LH53H1100 LH5H11XX 32DIP/32SOP 
LHs30800A | _LHBSIHX 


40DIP/40SOP 
32DIP/32SOP/32PLCC 


AODIP/40SOP/44QFP '/44QFP 


= 
a 
a 
ae [es [me 
100 
ian 0 
a0 
a 
a0 

0 


32DIP/32SOP 
42DIP/44SOP/48TSOP(I)/64QFP 
42D 1P/44SOP/48TSOP/44QFP '/64QFP 


64SDIP/64QFP 
44SOP/64QFP 


urssez0g | LHs982xx _ | 


524,288 x 8 
1,048,576 x 8 
524 288 x 16 

. LH538500A LHS38FXX 


95 
5 

5 

5 

5 40DIP/40SOP/44QFP '/44QFP 

5 

5 

5 

5 

5 


27 
27 
27 
27: 
27 
27 
27 





NOTES: 
1. 14x 14 mm? package 
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EPROMs/OTPROMs 


CONFIG- MODEL ACCESS TIME (ns) 
CAPACITY URATION NUMBER 55 70 90 100 120 150 200 250 REMARKS 


| Pin-compatible with 
2a bipolar PROM 


ae 
Standby mode 


Standby mode 


OTPROM 


e=-foa- Standby mode 


Standby mode | 
JEDEC standard mask ROM pinout 
LH571001J ot af e--f-4 Standby mode 
LH571001 JEDEC standard EPROM pinout 
NOTES: | 


[) (Empty box) = Contact Sharp representative for availability. 


= Operating frequency or access/cycle time parts that are available 
at the publication time of this data book. 








General Information — Product Lineup 





EPROMs/OTPROMs 








=| === 
cial vaso: ox: OI il Meanellt 
pe | mo 
|e | 0 
_ esi oeee ox Oe ee ell 
| ura | oe | too | ts | tas | ace 
| unsrizes =| | so | tos | zs || ace 
re 
a 
1M 131,072 x8 LH571000J po 12.75 
a 
Rake arsc sor MR Maes Miceenll 
poe | 150 
24SDIP 
ear 
| uses |e | | ts | tes |e 
es a 
a 
| uns |e || ts | tes | cee 
| unsrizg |e | so | tes || zairizesop 
Seed 2 ee 
28SOP 
| six | esscexe | uneeiz |e | to | ts | 2.75 | aiPrzesop | 
tsio7zx8 | __uns7iooo | | to | ao ||? 
| unsrioon =| | tc | mo] ts | ae? 
NOTES: 


The model numbers of OTPROMs in this catalog are different from those programmed according to customers request. 
1. Bipolar PROM pinout 

2. JEDEC standard mask ROM pinout 

3. JEDEC standard EPROM pinout 





Law | 
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STATIC RAMs 


| PACKAGE 
CONFIG- = MODEL _ ACCESS TIME (ns) SK- 
PROCESS CAPACITY URATION NUMBER 55 70 901001201000 DIP DIPSOP TSOP SOJ 
LHS116/H | . 
LH5116S 





unstim F—T | YE) eedeeee] 
ee 
500 
LH5168/H 28 
oe x8 [chistes Pt Re ae cad eee eo 


15 20 25 35 45 





FULL 
CMOS 


= 
a 
% 
$ 
® 


128K x8 LH511000 


| LH52250A | 





CMOS 
PERIPHERY 





LH52256/L 


LH5267A 


—, 
i i ; 
— 


LH52251A | 














LH52252B 


52252A 


CMOS 
PERIPHERY 





LH52253 


LH52258 


LH52258A 


LH521002 


LH521032 





LH521008 


128K x 8 
| LH521007 
15 20 25 30 35 PLCC 
LH521028 





ras ml ace 
NOTES: 


[J] (Empty box) = Contact Sharp representative for availability. 


= Operating frequency or access/cycle time parts that are available 


at the publication time of this data book. A 
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STATIC RAMs 


FULL CMOS 2,048 x 8 
100 
100 
100 
00 


24DIP/24SOP/24SK-DIP 


access | cycie | SUMEROW 
CONFIGURATION 
MODEL NO. TIME (ns) | TIME OPERATING/ 
(WORDS x BITS) MAX (ns) MIN. STANDBY 
(mW/W) MAX. 


24SO0P 


24DIP/24SOP/24SK-DIP 


24DIP/24SOP/24SK-DIP 
28DIP/28SOP/28SK-DIP 
2756.5 


28SOP 


248/16.5(5.5) 28DIP/28SOP 
131,072 x 8 LH511000 ' (L) 330/55(5.5) 32DIP/32SOP/32TSOP(I) 2 


_ = all 


262,144 x 1 LH52251A 24SK-DIP/24SO0J 
LH52252A 


LH5118H ' 


8,192 x 8 
: 


CMOS 
PERIPHERY 





24SK-DIP/24SOJ 
LH52252B 


24SK-DIP/24SOU 
LH52253 28SK-DIP/28SOU 
745/5500 
32,768 x 8 LH52250A(L) 440/5500 (550) 28D IP/28SOP/28SK-DIP 
385/5500 (550 
385/5500 (550 
| LH52256/L (590 28DIP/28SOP 


LH52256LL 28DIP/28SOP 


1020/5500 28SK-DIP/28SOJ 
715/500 
855/5500 

LH52258A 910/5500 28SK-DIP/28SOJ 
825/5500 
745/5500 


ie 5S BSS ls lalsle § 8/8 18/8 g 
HAR RIF ISS a RAAT = 
= $18 18/818 |8 18 = 8 (8 |8|8 E 


NOTES: 
1. Topr = -40 to +85°C 


2. T TSOP (Type |!) Forward bend 
TR TSOP (Type !) Reverse bend 


3. Supply Voltage (V) = 3+ 10% 
4. Supply Voltage (V) = 2.5 to 5.5 
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STATIC RAMs (cont'd) 


ACCESS rMPTION 
CONFIGURATION | St 

TIME (ns) OPERATING/ 
(WORDS x BITS) MAX, STANDBY 


CMOS 262,144 x 4 
PERIPHERY 
131,072 x 8 LH521008 
LH521007 


7 - 
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FIFO MEMORIES 


FIFO 


| NOTES: 


General Information — Product Lineup 


OPERATING 


























FREQUENCY ACCESS 
CONFIG- MODEL (MHz) TIME (ns) PACKAGE 
TYPE CAPACITY URATION NUMBER 35 25 15 DIP SK-DIP PLCC 
—— unset -EOE 28 [28 
Sma [saxo TT 2s [28] 
CAPA 
ASYNCH, [ase xe BEI 
1 fae TT 2 [28] 
[asx }-—[si2x0, es] 28 [22 
[48K }-—[s12 x0) [28 [se 
[9k }--Lixxe es] 28 [22 
Tk }-ikxe [28 [se 
obARGE | FL tek_ [2k x9 | 28} 28 | 32| 
asyneH. J | Trex [axe TT 22 [22] 
[36x }- [axe | EES 
36k} [axe [20 [22 
[eKxe BEWES 
[44K BEJES 
CYCLE 
TIME (ns) 
15 20 25 30 3550 
LH 
[36k }-[aKx9 | 
PARALLEL-TO- 
sree 
‘PARALLEL 
CONVERSION ae 
, PGA PQFP 
[18 }—| sexe CT Ti29[ se] 





[-] (Empty box) = Contact Sharp representative for availability. 
= Operating frequency or access/cycle time parts that are available at the publication time 


SHARP 


of this data book. Asychronous parts are specified according to access time; synchronous 
parts are specified according to cycle time. MD-6 


General Information — Product Lineup 





FIFO MEMORIES 


CONFIGURATION 
CAPACITY | (worDs x BITS) 


MODEL NO 





POWER 
OPERATING CONSUMPTION 
FREQUENCY TIME (mW) MAX. 
(MHz) . | (ns) MIN. ACTIVE/ | 
7 STANDBY 


248/ — 28SK-DIP/28PLCC 
. 


dh 


[ 


248/— 28SK-DIP/28PLCC 
548 28SK-DIP/28PLCC 
256 x9 


7 28SK-DIP/28PLCC 
512 x9 LH5496 28DIP/28SK-DIP/32PLCC 
LH540201 
| 1,024 x 9 
LH540202 
7 


16K 296 x 36 x 2 LH5420 
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LH5495 


on 


_ as 
on nn 
— _ _ 
on 


-_- 
an 


a | 





& 
8 


28SK-DIP/32PLCC 


on 


c 
é 


550/28 28D IP/28SK-DIP/32PLCC 





= 
Lye] 


28SK-DIP/82PLCC 


68PLCC 


1540/ — 


120PGA/132PQFP 
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FIFO MEMORIES (cont’d) 


POWER 
CONFIGURATION CONSUMPTION 


mW) MAX. 
(WORDS > EIS) | iver 
STANDBY 


LH5498 28DIP/28SK-DIP/32PLCC 


i — 
1,024 x 18 LH540225 550/28 68PLCC 


4,096 x 9 LH5499 _ 28DIP/32PLCC 





LH540204 550/28 28SK-DIP/32PLCC 
825/138 32PLCC 

LH5493 825/138 32PLCC 
| 825/138 32PLCC 


LH540205 es 28SK-DIP/32PLCC 
LH540206 , 4 28SK-DIP/32PLCC 
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PSEUDO STATIC RAMs 


MODEL 
NUMBER 


CONFIG- 


CAPACITY URATION 


ACCESS TIME (ns) PACKAGE sx. 
50 65 80 100120 SDIPDIP SOP SOJ DIP TSOP 


od SCOR 


PSEUDO RAM 


SM 28K x 8}-—J LH5P8128 | 


ACCESS | CYCLE |CONSUMPTION 


CONFIG- 
URATION 
(WORDS x BITS) 


NOTES: 
(“] (Empty box) = Contact Sharp representative for availability. 


= Operating frequency or access/cycle time parts that are available 
at the publication time of this data book. 





FIELD MEMORIES 


CONFIG- 
CAPACITY URATION 


FIELD MEMORY 

FOR EDTV Sam | 70K x 4 
FIELD MEMORY 

FOR VCRs Sam | ISOR x 6 


CONFIG- 
URATION 
(WORDS x BITS) 


IMAGE 
PROCESSING 
MEMORY 


MAX. 


(-) (Empty box) = Contact Sharp representative for availability. 


= Operating frequency or access/cycle time parts that are available 
at the publication time of this data book. 


MODEL NO. |TIME (ns) | TIME (ns) 
MIN. 





50 60 80 100 120 


POWER 


STANDBY 
(mW) MAX. 


28DIP/ 
28SK-DIP/ 
28SOP 


32DIP/ 
32SOP/ 
32TSOP 


PSEUDO 
SRAM 


ACCESS TIME (ns) PACKAGE 
NUMBER 50 65 80100120 SDIPDIP SOP SOJ 


Ce BREE Cee 
le BEE Cee 


OPERATING/ 
STANDBY 
(mW) MAX. 


MODEL 
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SHARP 


QUALITY ASSURANCE 


Quality Assurance System 


Sharp develops and produces a wide range of con- 
sumer and industrial-use semiconductor products. 


In recent years, the applications of ICs have ex- 
panded significantly, into fields where extremely high 
levels of quality are critical. 


In response, Sharp has implemented a total quality 
assurance system that encompasses the entire produc- 
tion process from planning to after-sales service. This 
system ensures that quality is a priority in the planning 
development and production and guarantees product 
reliability through rigorous reliability testing. We com- 
piled the "Sharp Semiconductor Reliability Handbook, 
IC Edition" to introduce you to the results of some of 


our research and to our quality and reliability philosophy 


and programs. We hope that it is informative and that 
it will help Sharp customers develop and refine their 
quality and reliability assurance and control activities. 
We will introduce a part of this system here. 


Sharp’s quality and reliability assurance activities are 
based on the following guidelines: 


¢ All personnel should participate in quality assur- 
ance by continually cultivating a higher level of 
quality awareness. 


« Inthe design and development stages of new prod- 
ucts, create reliable designs that consider reliability 
in every respect. 


¢ Quality control in all production processes, all work- 
ing environments, materials, equipment, and mea- 
suring devices should be carefully monitored to 
ensure quality and reliability from the very beginning 
of the production process. 


¢ Confirm long-term reliability and obtain a thorough 
understanding of practical limits through reliability 
testing. 


¢ Continually work to improve quality through appli- 
cation of data from process inspections, reliability 
testing, and market surveys. 
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Quality Assurance During 
New Product Development 


New product development (Figure 1) begins with an 
accurate grasp of the purpose, environment, and man- 
ners in which customers will use the product as well as 
the required reliability. A development plan is then 
drafted, clarifying the price, quantity, sales period and 
target reliability of the product to be manufactured. 


Quality and reliability are built into the product from 
the beginning of the product cycle by introducing design 
review (DR) and reliability planning in the development 
and design stage. The first tasks undertaken in this 
stage are process development and Circuitry design, 
by which a prototype, or technical sample (TS), is made. 
An evaluation of the technical sample is conducted, 
centering on the function and performance of the sam- 
ple under conditions in which the final product will be 
used (TS evaluation). 


Next, an engineering sample (ES) is made, based 
on the results of the TS evaluation, and it is subjected 
to ES evaluation. The ES evaluation consists of deter- 
mining, under mass production conditions, whether the 
product functions and performs as intended during de- 
velopment and design. Reliability testing is also used 
to decide whether the engineering sample has the re- 
quired degree of reliability. 


In the final stage, the transfer of the product to mass 
production is discussed - based on the results of the 
TS and ES evaluations. Once TS and ES are accepted, 
preproduction begins. At this time, it is determined 
whether the quality and reliability obtained during de- 
velopment and design can be maintained, whether 
there are any discrepancies in the production process 
and what yields will be. The manufacturability of the 
product is determined, based on these results. 


DR (Design Review) is performed to prevent faulty 
operation and to enhance the functions, usability, quality 
and reliability, upon completion of structural design, 
logic design, software design, circuit design, TS/ES 
evaluation and reliability tests. 
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| PRODUCT PLANNING {| ESTABLISHMENT OF TARGET RELIABILITY 


RELIABILITY 
DESIGN 


PROCESS 
DEVELOPMENT 
AND 


' FUNCTION AND PERFORMANCE REVIEW 
EVALUATION 


ES FABRICATION 


QUALITY AND 
MANUFACTURABILITY ASSESSMENT 


RELIABILITY TESTING | 
RELIABILITY ASSESSMENT 


PREPRODUCTION | 


DETERMINATION OF MASS 
_ PRODUCTION FEASIBILITY 


MASS PRODUCTION — | 





Figure 1. New Product Development Steps 
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PROCESS 


SILICON 
WAFER 


POUNDS 


INCOMING 
INSPECTION 


OXIDATION 


OXIDE INSPECTION 
MONITORING 


PHOTOLITHOGRAPHY 


VISUAL INSPECTION 
MONITORING 


ION IMPLANTATION 


ELECTRICAL 
INSPECTION OF CHIP 
MONITORING 


DICING 
BREAK, SORTING 


DIE 
INSPECTION 


DIE BONDS 


DIE BOND 
INSPECTION 
MONITORING 


WIRE BONDS 


WIRE BOND 
INSPECTION 
MONITORING 


ENCAPSULATION/MOLD 
MONITORING 
STABILIZED BAKE 


LEAD SURFACE 
FINISHING 


FINISHING 


INSPECTION 
MONITORING 


MARKING 


LEAD CUT 
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CHARACTERISTIC(S) CONTROLLED 


EXTERNAL APPEARANCE, DIMENSIONS, 
SHEET RESISTIVITY 


EXTERNAL APPEARANCE, FILM 
THICKNESS, SURFACE CLEANLINESS 


DEVELOPABILITY, ETCHABILITY, 
LINE WIDTH 


ELECTRICAL CHARACTERISTICS, 
MAJOR DEVICE CHARACTERISTICS 


EXTERNAL APPEARANCE 


EXTERNAL APPEARANCE 
ADHESIVE STRENGTH 


EXTERNAL APPEARANCE 
TENSILE STRENGTH 


TEMPERATURE, TIME, STRESS 
WIRE CONDUCTIVITY 


INGREDIENTS, TEMPERATURE, 
CONTAMINATION 


THICKNESS, UNIFORMITY 
(SOLDERABILITY) 

PLATED LAYER COMPOSITION 
PLATED LAYER THICKNESS 


TEMPERATURE, TIME, 
MARKING MATERIAL 


TOOLING SHARPNESS 
TOOLING DIMENSIONS 








PURPOSE OF CONTROL 


REMOVE PRODUCTS HAVING 
IMPROPER DIMENSIONS, 
FLAWS AND CRYSTAL DEFECTS. 
ENSURE PROPER SHEET 
RESISTANCE VALUES 


FIND PINHOLES, CHECK SURFACE 
CLEANLINESS AND CONTROL 
FILM THICKNESS 


CHECK FOR PROPER 
DEVELOPMENT AND ETCHING. 
CONTROL LINE WIDTH 


REMOVE PRODUCTS HAVING 
POOR ELECTRICAL CHARACTER- 
ISTICS. ENSURE PROPER 
DEVICE CHARACTERISTICS 


REMOVE CRACKED AND 
CHIPPED ITEMS. 


ENSURE QUALITY OF DIE 
BONDS 


CHECK POSITION AND SHAPE OF 
BONDS. ENSURE PROPER WIRE 
TENSILE STRENGTH 


ENSURE MOLDABILITY. ENSURE 
PROPER WIRE CONFIGURATION 


MAINTAIN FINISH QUALITY 


REMOVE PRODUCTS HAVING 
PLATING IRREGULARITIES. 
MAINTAIN PLATING QUALITY 


MAINTAIN MARK QUALITY 


PREVENT ABNORMAL STRESS ON 
PLASTIC MOLD RESULTING IN 


DAMAGE 


Figure 2. Example of the Quality Control Process 
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Raw Materials Control | 


The level of product quality and reliability is largely 
governed by the quality of the materials originally mak- 
ing up the production process and environment. 


It is the responsibility of the vendor to execute the 
quality assurance of basic materials purchased by 
Sharp. Raw material quality assurance is conducted 
according to the following system: 


e Initial selections of a raw material manufacturer. 


e Quality qualification for each new material put into 
use (quality and reliability assessments of devices 
in which such new materials are used). 


° Periodic quality consultations based on quality in- 
formation obtained during mass production. 


Acceptance inspections are carried out as necessary 
based on acceptance criteria derived from product 
specifications and approved drawings. | 


Control of the Manufacturing 
Environment 


Integrated circuit devices are manufactured in a 
clean room where there is minimal air-born particulates. 
The use of ultrapure water also aids cleanliness. Such 
conditions are necessary due to the adhesion of even 
small bits of foreign particles (0.1 pm or less), no more 
than 1/5 - 1/10 the size of the smallest IC pattern, can 
result in defects later in the process. 


Particulates not only affects chip. yields, but can also 
have a lethal affect on the quality and reliablity of a 
device. Therefore, the cleanliness of every piece of 
equipment and facility in the pliant as well as that of 
work clothes and work articles are controlled. Degree 
of cleanliness is usually expressed numerically as the 
number of particles over 0.5 um per cubic foot of air. 


The degree of cleanliness maintained in Sharp clean 
rooms, where wafers come in direct contact with air, is 
Class 1. Temperature and humidity are maintained at 


constant levels by continuous computer-controlled 
monitoring (Table 1). 


The ultrapure de-ionized (Dl) water used in the wafer 
process is manufactured with an ultrapurification equip- 
ment, employing ion-exchange treatment, ultraviolet 
irradiation and ultrafiltration systems. 


Table 1. 
Clean Room Temperature & Humidity Standards 


Temperature 24+0.5°C 


45 + 5% RH 





Humidity 


Control of Facilities 
and Instrumentation 


Intregrated circuit device technology is experiencing 
rapid revolutionary change, and advances in IC produc- 
tion facilities and equipment are equally impressive. 


Process automation is promoted by using the latest 
CIM (Computer Intregrated Manufacturing) system to 
create devices having stable quality and to reduce 
variance of characteristics. In addition, production fa- 
cilities maintenance control, and precision control for 
various instrumentation devices are implemented by 
both daily and periodic spot inspections. 


Facilities’ control is conceptually based on Total Pro- 
ductive Maintenance (TPM), in which all concerned 
employees systematically participate in facilities main- 
tenance activities. Sharp’s goal is to create a highly 
skilled human resource through activities such as: 


°  operator-initiated maintenance; 
« gcheduled maintenance; 
e corrective maintenance. 


Control of instrumentation devices is in accordance 
with Japanese national standards. Regular calibration 
by overseeing public agencies also helps maintain a 
high level of accuracy in these devices. 
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INSPECTIONS DURING 
PRODUCTION PROCESS 


(FINISHED 
PRODUCTS) 


BURN-IN * | 


SHIPPING? 
INSPECTION 
WAREHOUSING 


1. STATIC OR DYNAMIC BURN-IN 


2. FUNCTIONAL, ELECTRICAL 
CHARACTERISTICS AND APPEARANCE 


3. SAMPLING INSPECTION (BY LOT) 





PERIODIC 
RELIABILITY TESTING 


Figure 3. Product Inspection System 


Quality Control During 
the Production Process 


Designed-in quality and reliability must be faithfully 
built into a device during production to manufacture 
consistently high-quality and high-reliability products. 


Production Operations are therefore based on spe- 
cific, established operational standards. Checks are 
performed at each process step to decide whether 
specific characteristics have been obtained and quality 
has been built in. Each process is monitored to ensure 
that defectives are not sent to the next process. This 
is done by rigorously carrying out various standardized 
controls, appropriate to each process, such as moni- 
toring, visual inspections and sampling inspections. 


Sharp strongly promotes the automation of produc- 
tion facilities and equipment. Sharp works to prevent 
quality problems before they occur and to stabilize 
quality. Operations that required human skills in the 


past are now automated. Computer Integrated Manu- 
facturing (CIM) is being introduced into the wafer pro- 
cess. CIM is used to implement comprehensive 
production control, including conveyance within a pro- 
cess, equipment monitoring and progress control. CIM 
enables several types of process data to be processed 
together. Control charts and process capacity index 
(Cpk) are computed in real time for individual pieces of 
equipment. Even minute fluctuations in characteristics 
are fed back to improve control. 


Reliability is also being assessed by periodic sam- 
pling. This test is a long-term reliability assessment, 
and the results are fed back to the related divisions. 


While quality assurance tests and inspections are 
conducted for improving and maintaining quality, they 
also are used to predict the probable reliability a product 
will have in the marketplace. They provide a multi-fac- 
eted approach to ensuring product quality. 
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Table 2. 
| Reliability Test Items 
| REFERENCE 


Thermal Soldering Heat To determine soldering heat resistance. JIS C 7022: A-1 
Environment Standard test conditions: MIL-STD-750 C 2031 
Tests Solder bath temperature: 260 + 5°C IEC Pub. 68 Test Tb 
Time: 10 +1 sec. 
Solder composition: Pb:Sn = 4:6 


Temperature Cycling | To determine resistance to high and low temperatures |JIS C 7022: A-4 
and to temperature changes between these extremes. | MIL-STD-883 C 1010 
Standard test conditions: lEC Pub. 68 Test Na, Nb 
Ta = Tstg MIN ~ Tstg MAX [gas environment] 


Thermal Shock To determine resistance to sudden changes in JIS C 7022: A-3 
temperature. MIL-STD-883 C 1011 
Standard iti 


: IEC Pub. 68 Test Nc 
Ta = Tstg MIN~ Tstg MAX [liquid environment] 


Temperature & To determine resistance to conditions of high tempera- | JIS C 7022: A-5 
Humidity Cycling ture and high humidity. MIL-STD-883 C 1004 
Standard test conditions: lEC Pub. 68 Test Z/AD 
-10 ~ 65°C, 90 ~ 95% RH, one (1) cycle 
every 24 hours 


Mechanical Variable Frequency To determine resistance to vibration during transporta- | JIS C 7022: A-10 
Environment Vibration tion and use. MIL-STD-883 C 2007 
Tests Standard test conditions: IEC Pub. 68 Test Fc 

Cycle: 100 ~ 2000 Hz in 4 min. 

Peak acceleration: 20 G 

Orientation: four (4) times in each of the 

orientations of + X, + Y and + Z 


Mechanical Shock To determine resistance to shocks during transporta- [JIS C 7022: A-7 
tion & use. MIL-STD-883 C 2002 
itions: IEC Pub. 68 Test Ea 
Peak acceleration: 1500 G 
Pulse duration: 0.5 ms 
Orientation: three (3) pulses in each of the 
orientations + X,+ Y and+ Z 


Constant Acceleration | To determine resistance to constant acceleration. JIS C 7022: A-9 
Standard test conditions: MIL-STD-883 C 2001 
Stress level: 20,000 G, IEC Pub. 68 Test Ga 
Orientation: applied for one (1) min. in each 
of the orientations + X, + Y and+ Z 


Lead Integrity To determine resistance to installation and handling JIS C 7002: A-11 
such as wiring. IEC Pub. 68 Test U 
(1) Tensile strength. 

A specified load is applied in a direction 
parallel to the lead axis for 10 + 1 sec. 
(2) Bending strength. 
Standard test conditions: 
A specified load is applied to the tip of each 
lead and the lead is bent once each through a 
+ and - 90° arc and back. (The specified load 
is determined by nominal cross section or nominal 
section modulus.) 
“TCP (tape carrier package): N/A 
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Table 2. (cont’d) 
Reliability Test Items 


REFERENCE 
CLASSIFICATION TEST PURPOSE &CONDITIONS STANDARDS 


Mechanical Solderability To determine the solderability of leads which are con- | JIS C 7022: A-2 
Environment nected by soldering. MIL-STD-883 C 2003 
Tests iti 














Solder bath temperature: 230 + 5°C, 

Dip time: 5 + 0.5 sec. 

Solder composition: Pb:Sn = 4:6, used with 
rosin flux. 




















JIS C 7022: A-6 
MIL-STD-883 C 1014 
IEC Pub. 68 Test Q 


Seal (Hermeticity) To determine the effectiveness of the seal of hermeti- 
cally sealed devices. 

(1) Fine leak detection (helium): measured with a 
helium detector after storage in an He atmosphere at 
a prescribed pressure for a designated time period. 
(2) Gross leak observation (bubbles): observation of 
bubbles formed by a fluorocarbon or silicone oil. 




















JIS C 7022: A-12 
MIL-STD-883 C 1009 
IEC Pub. 68 Test Ka 


Salt Atmosphere To determine resistance to corrosion in a salt fog. 
(Corrosion) itions: 






Exposure to salt spraying conditions of salt 
concentration, 5 + 1%. 

Spray rate: 0.5 ~ 3 ml/80 cm*/h 

Salt fog temperature: 35 + 2°C for a designated 
period of time. 











Life Tests High Temperature To determine resistance to prolonged operating JIS C 7022: B-1 
Operation stress, electrical and thermal. MIL-STD-883 C 1005 
Standard tes! felons: 
Ta= Top MAX 
Operating source voltage = Max. operating voltage 
High Temperature To determine resistance to prolonged high tempera- JIS C 7022: B-3 
Storage ture storage. MIL-STD-883 C 1008 


Ta = Tstg MAX 
Low Temperature To determine resistance to prolonged low temperature | JIS C 7022: B-4 
Storage storage. IEC Pub. 68 Test A 
Ta= Tstg MIN 
High Temperature/ To determine resistance to prolonged temperature, hu- | JIS C 7022: B-5 
High Humidity Bias midity and electrical stress. IEC Pub. 68 Test C 


85°C, 85% RH 
Applied voltage = VtyPicaL 


High Temperature/ To determine resistance to prolonged storage at high |JIS C 7022: B-5 
High Humidity Storage | temperature and humidity. IEC Pub. 68 Test C 
Standard test conditions: 


: 
(1) 60°C, 90% RH 
(2) 85°C, 85% RH 
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Table 2. (cont’d) 
Reliability Test Items 
REFERENCE 
CLASSIFICATION TEST PURPOSE & CONDITIONS STANDARDS 
Miscellaneous Pressure Cooker To evaluate moisture resistance in a short period of EIAJ IC-121: 18 














time. 


(PCT) 





121°C, 2atm, no electrical load. 
100% RH 


Several tests (selected from those listed above) per- 
formed in series to effectively evaluate product. 
Example: for a surface mount device: 
High- Temperature/High-Humidity 
Storage—Soldering Heat 
Resistance—»Pressure cooker (PCT) 






Composite Test 


























MIL-STD-883 C 3015 
EIAJ IC-121:20 


To determine resistance to electrostatic stress. 
Standard test conditions: 
(1) Human body model: 
Earth capacity C = 100 pF, equivalent 
Resistance R = 1.5 kQ 
(2) Machine model: 
Earth capacity C = 200 pF, equivalent 
Resistance R = 0Q 


To determine resistance to latch-up. 


Electrostatic 
Discharge Strength 















Latch-Up Strength 






(1) Condenser charge 
(2) Current application 
(3) Vcc overvoltage application 
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STUDY OF 
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DETERMINATION OF DEVELOPMENT PLAN (NEW PRODUCTS PLANNING COUNCIL) 


DEVELOPMENT LOGIC DESIGN 


DESIGN 
TRIAL 


PRODUCTION NOTE: DR I: LOGIC DESIGN AND SOFTWARE 


DR = DESIGN REVIEW 








LAYOUT 


. DR Il: LAYOUT DESIGN 
TS AND ES TRIAL PRODUCTION 


TS ES 
FUNCTIONAL 
EVALUATION 


DR Ill: TS EVALUATION, PROCESS EVALUATION 
TS SAMPLE 


MANUFACTURABILITY RELIABILITY 


EVALUATION , TESTING 
ES SAMPLE DR IV: ES EVALUATION 
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PREPRODUCTION EVALUATION 
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(Cont'd - go to figure 1-4b) MD-11A 


Figure 4a. Quality Assurance System 
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(Cont'd from figure 1-4a) 
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Figure 4b. Quality Assurance System 
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Reliability Test Methods 


Reliability tests should always have good reproduc- 
ibility. Thus, reliability tests for IC devices are based 
on standardized test methods. Such uniform testing 
standards include those established by JIS (Japanese 
Industrial Standard), MIL (U.S. MiLitary Standard), ElAJ 
(Electronic Industries Association of Japan) and IEC 
(International Electrotechnical Commission). As _indi- 
cated in Table 2, however, Sharp has established its 
own testing method based on these standards. 


Advances in semiconductor device technology are 
astonishing, and they call for higher quality and reliabil- 
ity standards. Improved failure analysis techniques are 
therefore necessary to ensure semiconductor device 
reliablity. 


The causes of semiconductor device failure are be- 
coming increasingly diverse. This diversity is the result 
of element and interconnect miniaturization required for 
higher integration. It is also due to an increasingly 
complex manufacturing process with an increased num- 


TROUBLE, INCIDENT 


CLAIM 
QUALITY 
REQUIREMENTS 


SALES & MARKETING 
DEPARTMENT 


RESPONSE 
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ber of steps from the wafer fabrication process to the 
assembly process. 


Failure analysis is the use of human, physical and 
electrical analytical procedures to clarify the failure 
mechanisms of defective parts. It is used to evaluate 
defective items appearing throughout the life of parts: 
during the semiconductor manufacturing process, out- 
going inspections and reliability testing; during the 
user’s incoming inspections, processing and reliability 
testing; and during operation in the field. 


The ultimate goal of failure analysis is to prevent the 
recurrence of failure. It is necessary to establish vari- 
ous measures based on the results of failure analysis 
and to feed those measures back to the manufacturing 
process and product users. 


Sharp has an on-going program of supplying users 
with our own quality data, reliability test data, etc., upon 
request. It is just one of Sharp’s efforts to maintain a 
high degree of user service. Figure 5 illustrates Sharp’s 
Quality Information Routes. 


FEEDBACK 
TO RELATED 
DEPARTMENTS 


REGULAR 
QUALITY 
CONSULTATION 


QUALITY 
IMPROVEMENT 
ACTIVITIES 


RESPONSE 


COMMUNICATION 


RELIABILITY 


CONTROL DEPARTMENT 


PROPOSALS 


PRODUCTION 
DEPARTMENT 


DESIGN AND 


ENGINEERING DEPARTMENT 


REQUEST MODIFICATIONS 





Figure 5. Routes through which malfunctions outside 
the company are handled. 
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Handling Precautions 


Ali the semiconductor products listed in this data 
book are manufactured based on exacting designs and 
under comprehensive quality control. However, to take 
full advantage of the features offered and to assure 
each products’ long-life service, please refer to the 
following items. 


Maximum Ratings 


It is generally known that the failure rate of semicon- 
ductor products increases as the temperature in- 
creases. It is therefore necessary that the ambient 
temperature be within the maximum rated temperature. 
Further, it is desirable from the stand-point of reliability 
that the ambient temperature be lowered as much as 
possible. The voltage, current, and electric power used 
are also factors that significantly influence the life of 
semiconductor products. Voltage or current that ex- 
ceeds the rated level may damage the semiconductor 
product; even if applied only momentarily and the unit 
continues to operate properly, excessive voltage or 
current will likely increase the failure rate. 


Therefore, in actual circuit design, it is important that 
the semiconductor products have an allowance with 
respect to the voltage, current and temperature condi- 
tions under which they will be used. The greater this 
allowance, the fewer the failures that will occur. 


To keep failures to a minimum, the circuit should be 
designed so that under all conditions to absolute max- 
imum, the ratings are not exceeded even momentarily 
and so that the maximum values for any two or more 
items are not achieved simultaneously. In addition, 
remember that the circuit functions of semiconductor 
products are guaranteed within the operating temper- 
ature range (Topr) or the absolute maximum ratings, 
but that storage temperature (Tstg) is the range in a 
nonoperating condition. 


Storage Precautions 


General Storage Precautions 


a. Storing product in the packing in which it is shipped 
is recommended. If transferred to a different con- 
tainer, use one that will not readily carry an elec- 
trostatic charge. 


b. Store at conditions of normal temperature (5 - 35°C) 
and normal humidity (45 - 75% Rb). 


c. Avoid storing product in the presence of corrosive 
gases or dusty areas. 
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d. Avoid storing product in areas of direct sunlight or 
where sudden temperature changes will occur. 


e. Avoid stacking product or otherwise applying heavy 
loads. 


f. In the case of extended storage, take particular 
care against corrosion and deterioration in lead 
solderability. Inspecting such product before use 
is recommended. 


Basic Electrostatic Discharge 
Countermeasures 


Semiconductor device mounting requires exacting 
precautions to avoid applying excessive static electricity 
to the semiconductor. Item (a) - (c) below are basic 
electrostatic discharge countermeasures. 


a. Use humidifiers and the like to ensure against ex- 
cessively low relative humidity in the work environ- 
ment. (Maintaining relative humidity consistently 
above 50% is ideal). 


b. To prevent sudden electrostatic discharge, spread 
high-resistance electroconductive mats (about 
10°Q) over workbenches and have workers wear 
wrist (ground) straps. 


Have workers wear clothing made of charge-resis- 
tant cotton, noncharging materials (1 0°-10' 40) or static 
electricity dissipating materials (10° - 10°Q). Anti-static 
foot apparel is also effective. 


c. lonizers (ionized air blowers) are effective when it 
is difficult to discharge static electricity from mount- 
ing equipment, contacting dielectrics and semicon- 
ductors. 


Sharp recommends using static electricity measuring 
devices to quantify electrostatic charges and develop 
effective countermeasures. 


When forming the lead wires of semiconductor prod- 
ucts to be mounted, forceps or a similar tool that will 
prevent stress from being applied to the base of the 
wires should be used. 


To prevent the input terminals of semiconductor prod- 
ucts on completed printed circuit boards from becoming 
open during storage or transport, the terminals of the 
circuit board should be shortcircuited or the entire circuit 
board itself should be wrapped in aluminium foil. 
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Figure 6. Failure Analysis Procedure 
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Soldering and Cleaning 


When a semiconductor product is solder-bonded, 
specify the best conditions according to Table 4. lf 
using a soldering iron, use one that doesn’t leak from 
the soldering tip. An ‘A Class’ soldering iron with an 
insulation resistance of less than 10 MQ is recom- 
mended. When using a solder bath, it should be 
grounded to prevent an unstable electric potential. 


Using a strongly acidic or alkaline flux for soldering 
can cause corrosion of the lead wires. A rosin flux is 
ideal for this type of soldering. 


To assure the reliability of a system, removal of the 
solder flux is generally required. 


To prevent stress of semiconductor products and 
circuit boards when using ultrasonic cleaning, a clean- 
ing method must be used that will shadow the main unit 
from the vibrator and specify the best conditions ac- 
cording to the following: 


Table 3. 
Recommended Conditions for PC Board Cleaning 


less than 25 W/I| 
less than one minute total 


Ultrasonic Power 
Cleaning Conditions 


Cleaning Solution 
Temperature 





15 to 40°C 


BONDING 
METHOD 


Adjustment and Tests 


When the set is to be adjusted and tested upon 
completion of the printed circuit board, the printed circuit 
board must be checked to ensure that there are no 
solder bridges or cracks before the power is turned on. 
Also, if the market-rated voltage and current are to be 
used, it is wise to use a current limiter. 


Whenever a printed circuit board is to be removed 
or mounted, or mounted on a socket, the power must 
be turned off. 


When testing with a probe, care must be taken to 
assure that the probe does not come in contact with 
other signals or the power supply. If the test location 
has been decided beforehand, it is wise to set up a 
specially designed test-pin for testing. 


When testing in high and low temperatures, the con- 
stant-temperature bath must be grounded and mea- 
sures taken to protect the set inside the bath from static 
electricity. 


Table 4 outlines the semiconductor bonding and 
testing methods. 


Table 4. 
Semiconductor Bonding and Testing Methods 


TEMPERATURE TEST 
AND TIME POSITION 





Solder bath 
215°C or less Sinan 
250°C or less, within 40 sec. 


Hand 3 Oe IC outer 
260°C or less, within 10 sec. 
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Peak temp. 240°C or less 
“al bk e 230°C or more within 15 sec. il a 
Heating speed: 1 to 4°C/sec. p g 
245°C or less 
shee ‘ Within 3 sec./cycle 
pping Within 5 sec. in total 


General Information - Timing Diagram Conventions 


TIMING DIAGRAM CONVENTIONS 


TIMING DIAGRAM 


SHARP 


INPUT FUNCTIONS 


HIGH or LOW 


HIGH-to-LOW transitions allowed 


LOW-to-HIGH transitions allowed 


Don't care 


(Does not apply) 





OUTPUT FUNCTIONS 


HIGH or LOW 


HIGH-to-LOW transitions 
during designated interval 


LOW-to-HIGH transitions 
during designated interval 


State unknown or changing 


Centerline is high-impedance 
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GENERAL INFORMATION - 1 
DYNAMIC RAMs —- 2 

PSEUDO STATIC RAMs — 3 

STATIC RAMs — 4 

EPROMs/OTPROMs — 5 

MASK PROGRAMMABLE ROMS -— 6 

FIFO MEMORIES — 7 

FIELD MEMORIES - 8 


PPLICATION AND TECHNICAL INFORMATION - 9 


PACKAGING — 10 


LH21256/7/8 


NMOS 256K (256K x 1) Dynamic RAM 





FEATURES 
e 262,144 x 1 bit organization 


e Access times: 100/120/150 ns (MAX.) 
e Cycle times: 200/230/260 ns (MIN.) 


e Page mode operation (LH21256) 
Nibble mode operation (LH21257) 
Byte mode operation (LH21258) 


e Power supply: +5 V+ 10% 


e Power consumption: 
Operating: 440/440/385 mW (MAX.) 
Standby: 27.5 mW (MAX.) 


e TTL compatible I/O 
e Built-in gated CAS function 


e Separate I/O allows Early-Write action 


e Available for read modify write RAS only 


refresh, hidden refresh, CAS before 
RAS refresh 


e 256 refresh cycle (refreshing time 4 ms) 


e Built-in high output bias generator circuit 


e Packages: 
16-pin, 300-mil DIP 
16-pin, 325-mil ZIP 


SHARP 


DESCRIPTION 


The LH21256/7/8 is a 262,144 word x 1 bit dynamic 
RAM fabricated using N-channel 2-layer polysilicon gate 
process technology. With mulitiplexed address inputs 
and standard 16-pin DIP/ZIP packages, it is easy to 
comprise memory systems with high speed, low power 
consumption and large memory capacity. The 
LH21256/7/8 operates on a single +5 V power supply. 
The built-in high output substrate bias generator circuit 
eliminates sensitivity to undershoot on the input signals. 


PIN CONNECTIONS 


16-PIN DIP TOP VIEW 


16-PIN ZIP 


CO OS teas OS DD LO Os ke 





Fig. 1. Pin Connections for DIP & ZIP Packages 


LH21256/7/8 NMOS 256K (256K x 1) Dynamic RAM 


CLOCK 


(4) GENERATOR 
NO. 1 
CLOCK 
eee GENERATOR 
(5)— O | =NO.2 


COLUMN WRITE 

| COLUMN 6) 
ADDRESS DECODER CLOCKS 

BUFFER - 

SENSE 0 DATA OUT 

AMPLIFIERS pe SELECTOR | BUFFER [704 Pour 

ROW 
ADDRESS 

BUFFER | 


EXTANT ROW MEMORY DATA IN 
aie Lal DECODER az ARRAY BUFFER 


ADDRESS 


INPUT 





Vag GENERATOR 


NOTE: Pin numbers apply to 16-pin DIP. 





Figure 2. LH21256/7/8 Block Diagram 


PIN DESCRIPTION 
















SIGNAL 
Ao - Ag 


a 
[Dw | Datainpot 


anna 


RAS 
CAS 






ABSOLUTE MAXIMUM RATINGS 


Supply voltage VT -1.0 to 7.0 
Output short-circuit current 


an 
Operating temperature 0 to +70 
Storage temperature -55 to +150 


NOTE: 
1. Referenced to Vss 
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NMOS 256K (256K x 1) Dynamic RAM LH21256/7/8 





RECOMMENDED OPERATING CONDITIONS (Ta = Oto +70°C) 





NOTE: 
1. Referenced to Vss 


CAPACITANCE (Vcc =5 V+ 10%, Ta = 0 to +70°C, f = 1MHz) 













Average supply current 
in normal operation 


LH21256/7/8-12 Icc1 | — | 80 | mA 1,2 
LH21256/7/8-15 


cos 
loos 
oce 
ocd 


i OV<Vin<6.5V 
Input Jeakage current 0 Von all other pins 
OV< VouT<s6.5V 
Output leakage current Output in high- lov) 
impedance state 


Output "High voltage Vor 
Output “Low” voltage louT = 4.2 mA 


NOTES: 
1. The output pins are in high-impedance state. 


2. Icc1, Icc3, Icc4 and Iccs depend on the cycle time. 


: 
=) 
: 
> 





Average supply current 
in RAS only refresh time 


a 
> 










Average supply current 
in page mode 












AN 


S 
io) oi 


Average supply current 
in nibble mode 






Average supply current 
in byte mode 







CAS before RAS 
| average supply current 
in refresh cycle 






—h, 


ff 
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LH21256/7/8 


NMOS 256K (256K x 1) Dynamic RAM 





AC CHARACTERISTICS" 243 (Vcc = 5 V+ 10%, Ta = 0 to 70°C) 






































| PARAMETER 


Fandom readiwite etme | to | 
[Read write cycle ime _——~S*dCSCtawe 
Access tie fiom RAS | te 
[Access tine tom GAS nw 
[Output win-of delay tme ‘| torr 
[Rise andfalime dO 
[RAS precharge ime Side 
RAS pulsewidth ——S~idtCS*~it 
RAS hold ime ta 
GAS prechargetme Sd teem 
GAS pulsewidth ———SSS~dSCtns 
[EAS holdtime ———SSSC~iCc 
[EAS hold ime (GAS before RAS) [on 
[GAS setup time (CAS before FAS) | tres | 
CRASICAS delay ime tc 
GASIRAS precharge ime ‘| tor | 
Row address setup tme ‘| tase _| 
[Row address hold ime ites | 
ew 
ae 
meee 
ee 
oe 
ae! 
[wen 
er Tal 
mes 
eae 
y tow 
[ts 
a) 
Toon | 
[er 
[es | 





Column address hold time from RAS 
Read command hold time from RAS 
Write command hold time from RAS 


NOTES: 


1. For proper operation, at least 500 ps of pause time after power-on 
followed by several initialization cycles (usually 8 ordinary refresh 


cycles) should be given. 


2. AC characteristics assume tr = 5 ns. (tt refers to the transition 


time between Vin and Vi.) 


3. Timing measurements are referenced to Vin (MIN.) and Vit 


(MAX.). 


4. Only when trco s tacp (MAX.). If tacb > taco (MAX.), trac will 


increase by (trcp - tacp (MAX.)) 
5. When trcp 2 tracp (MAX.). 
6. Load condition for 2TTL + 100 pF. 


7. tacp (MAX.) is the maximum point for tacp where trac (MAX.) is 
ensured, and does not represent a limit of operation. 
(MAX.) s tacp, the access time is controlled by tcac. 





| MIN. | MAX. | MIN. | MAX. | MIN. | MAX. _ 


A TS A! i A ES TT Sah AOTRMMLlaet 


8. 
9. 


10. 


11. 









» 
[oy] 


Pin 


150 10,0 


“I 
a 


76 10,0 


NJ 
on 


co 


~ | ~ —_ (ee) 


trop (MIN.) = traH (MIN.) + 2tr + tasc (MIN.). 

tos and tpH are given with respect to the fall of CAS in the 
Early-Write cycle and fall of WE in the read/write cycle and the 
Read-Modify-Write cycle. 


twcs, tcwo and trwp are the specified points of the operating 
mode, and do not represent a limit of operation. When twcs 2 
twcs (MIN.), it comes into early write cycle with Dout pin coming 
into high-impedance state. When tcwp 2 tcwp (MIN.) and tawp 
2 trwo (MIN.), it comes into the read/write cycle with the output 
data becoming the information for the selection cell. Timing other 
than the above-mentions will give undefined value of output. 


The operation is ensured when either trcn or trRRH is satisfied. 





NMOS 256K (256K x 1) Dynamic RAM 


we DILL LL | igs 


Dout 


we veo \\\\NAN 


D 


Dout 


SHARP 


tac 
—_—— 
- na a am 


= 
vi XX Raooness MYA aooness_ IY 
R 


_—, 
torr 


tasr 


NUNN 
oH . HIGH-Z (DATA 


Figure 3. Read Cycle 





tcpn 


OOOO XIII KAA 


tasr 


Viw— UY ROW 
Vii—- A/X ADDRESS () 


< 


eel 
if 
a 


J 
q 
Q 

EE Ha 


es 


g 


OLUMN 4 
DDRESS 


| anoares KAA x 
tat 
= 

tts 


LLLLLLILNLLLLLLLLLLLL. 


: 5 
= = 
| 


vm OG _ Data vain OXIA KAN 


Vou~ 
Vo — 


) 


HIGH-Z 





Figure 4. Write Cycle (Early Write) 


LH21256/7/8 
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LH21256/7/8 NMOS 256K (256K x 1) Dynamic RAM 


——— 


a eee ee ee eee 


rAm Vin— : , | Y 
PN 
tasr me! T 


A, 
/\ 


vii XO YKaooness OK aopness KOO OOOO 
=I) 
me LY) on ef 


Vit -— 
eee 
= 
to 
Mi KKK KAKA vat ROKK KKK 


Figure 5. Read-Write/Read-Modify-Write Cycle 





Bo Ar Ve DOQQ) 


tse 
Dour Vor = 


NOTE: CAS = Vy, 





Figure 6. RAS Only Refresh Cycle 
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NMOS 256K (256K x 1) Dynamic RAM LH21256/7/8 


ia e 
n 
| J 

QO 


= 
eal toad 


ve OR AAAI KAAAKAAK AAI 
tRRH 
tacH 


WE yi ca alle NAAN 


VoH— HIGH-Z 
Dout vo — DATA VALID 


re 


NOTES: 
1. Row address 
2. Column address 





Figure 7. Hidden Refresh Cycle 





Figure 8. CAS Before RAS Refresh Cycle 
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LH21256/7/8 NMOS 256K (256K x 1) Dynamic RAM 


PAGE MODE CHARACTERISTICS (Vcc =5 V+ 10%, Ta = 0 to +70°C) 


PARAMETER _—| SYMBOL See ae pea] OMT | nore | 
tennis | ri FP wR a 


[Page mode oyciotime | tro | 100 | — | 120 | — | as | — [ms | 
[CAS precharge time | top | 40 | — [so [| — | | — | = | 





coal 
XXKXXKXXKX 


Voi — 


tacs 


pow | pt 
tacH 


tacs 
_tkes tacu tRRH 
we TWO 
NOTES: face 


1. Row address 
2. Column address 





Figure 9. Page Mode Read Cycle 
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NMOS 256K (256K x 1) Dynamic RAM LH21256/7/8 


CAS yt =f 
tasp uF 
fat De 


ee - xX DO 


we Ye sal Sr oil MW 


NOTES: 


al 


tos tos tou 


me X ae | vain KOA OOK 


1. Row address 
2. Column address 


SHARP 





Figure 10. Page Mode Write Cycle 
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LH21256/7/8 NMOS 256K (256K x 1) Dynamic RAM 


NIBBLE MODE CHARACTERISTICS (Vcc = 5 V + 10%, Ta = 0 to +70°C) 


LH21257-12 LH21257-15 














PARAMETER UNIT NOTE 





Nibble mode access time 
Nibble mode RAS cycle time 
Nibble mode RAS pulse width 
Nibble mode cycle time 
Nibble mode CAS precharge 
time 

Nibble mode CAS pulse width 
Nibble mode RAS hold time 
Nibble mode CAS/WE delay 


Nibble mode write command 
CAS lead time 


Nibble mode write command 


RAS lead time 


Nibble mode write command 
pulse width 


an 





tA vt DORR 2 AOA YI 


©—©—) 


tacH ‘aes oo 
a 
WE v,— 
NOTES: 


1. Row address 
2. Column address 
3. Nibble address: RA8, CA8 


@,@.©.@: Valid data-out number 
Figure 11. Nibble Mode Read Cycle 


Von HIGH-Z 
Dout Vo. — te 
cs 
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NMOS 256K (256K x 1) Dynamic RAM LH21256/7/8 


tRaH ae 


tasc 


v= XR LY IAA YK YOOX 
| tow. | 


tasr 


we Yeo WM_ YAS W\_ IN _ LT 
i 
om Ye XXX K TIOK LISBON OXI HIBOK XIX 


NOTES: 
1. Row address 
2. Column address 





Figure 12. Nibble Mode Write Cycle 


Vin 
Vit — 


thep 


aan: tcas ___ tncp 
CAS yt Hea = 


Vit — 


tasr 


ra = 
at aes 
v= KY SAR ERAARAAAAAAAAS OIA 


WE Vi SAUNT UL) \\W £// \\\ LDS LL/L/L LLL 


tuwP 


tou 
vt OY) Monta yy KKK 
tcac 
trac 


Vou— HIGH-Z 
Pour Vet {0} Xe) 9) 


NOTES: 
1. Row address 
2. Column address 


@).@,.@,.@: Valid data-out number 
Figure 13. Nibble Mode Read-Modify-Write Cycle 





LH21256/7/8 NMOS 256K (256K x 1) Dynamic RAM 


BYTE MODE CHARACTERISTICS (Vcc = 5 V + 10%, Ta = 0 to +70°C) 


PARAMETER SYMBOL Sinan | wos fe | ne | OT | NOTE 
ramen | emo |e PnP oP 


OO III 
taac 


tacs <9) 2) trAH 
\/ ~ WA 


tacH 


NOTES: 
1. Row address 
2. Column address 
@,@ ..-@.@: Valid data-out number 





Figure 14. Byte Mode Read Cycle 
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NMOS 256K (256K x 1) Dynamic RAM LH21256/7/8 


Vin — 


Vii— | 


Vin— 
Vit — h, 
AH 
tasr 


va 0,0, EP .()- .0.4.0,0,0,6.4,0,0,0,0,6,6.4,0,0,0,0,0,0.6,4,6,0,0,0, 


low. 
ze eo VW YAN DN 777 
a | twe _tawr | 
tou 
1 SSD ORO ONL 


NOTES: 
1. Row address 
2. Column address 





Figure 15. Byte Mode Write Cycle 


————a7. V _ 

A IH 

RAS Vi— 

CD tcas tacp _—_taca 


ta 
Gas Vin- 
CAS Vi— | tan 


no- Ae Vi OO OKY coo IOI XA 
ae Se oe 
WE Vi'— \\\\KAANAN YZ NYY ANN ASNT. 


tawe 
toy 


Dw vei XXXY Montane aX para XY KKK 
_— toac 


Vou— _HIGH-Z 
Pour Vet .2)—{@) 52) 0) 


NOTES: 
1. Row address 
2. Column address 


@,@...@,@: Valid data-out number 
Figure 16. Byte Mode Read-Modify-Write Cycle 
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LH21256/7/8 NMOS 256K (256K x 1) Dynamic RAM 
ORDERING INFORMATION — 


LH2125# X - ## 
Device Type Package Speed 
” ? 10 100 
12 120 Access Time (ns) 
15 150 


Blank 16-pin, 300-mil DIP (DIP16-P-300) 


Z 16-pin, 325-mil ZIP (ZIP16-P-325) 


6 Page mode 
7 Nibble mode 
8 Byte mode 


| Example: LH21256-10 (NMOS 256K (256K x 1) Dynamic RAM, 100 ns, 16-pin, 300-mil DIP, Page Mode) 
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LH2464 


NMOS 256K (64K x 4) Dynamic RAM 





FEATURES 


65,536 x 4 bit organization 
Access times: 100/120/150 ns (MAX.) 


Cycle times: 200/220/260 ns (MIN.) 


Page mode, Read-Modify-Write operation 


Power supply: +5 V + 10% 


Power consumption (MAX.): 
Operating: 523/457/413 mW (MAX.) 
Standby: 27.5 mW 


TTL compatible I/O 
Built-in gated CAS function 


Early-write or OE control allows bus 
management of the data-out buffer 


RAS only refresh, Hidden refresh, CAS 
before RAS refresh capability 


256 refresh cycle (refreshing time 4 ms) 


Built-in high output substrate bias 
generator circuit 


Package: 
18-pin, 300-mil DIP 


SHARP 


DESCRIPTION 


The LH2464 is a 65,536 x 4 bit dynamic RAM fabri- 
cated using N-channel 2-layer polysilicon gate process 
technology. With multiplexed address inputs and a 
standard 18-pin DIP package, it is easy to comprise 
memory systems with high speed, low power consump- 
tion and large memory capacity. The LH2464 operates 
on a single +5 V power supply. The built-in high output 
substrate bias generator circuit eliminates sensitivity to 
undershoot on the input signals. 


PIN CONNECTIONS 


18-PIN DIP TOP VIEW 





Figure 1. Pin Connections for DIP Package 
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LH2464 NMOS 256K (64K x 4) Dynamic RAM 





PELL P SPL 


BUFFER 


| EXT/INT 
|ADDRESS ROW MEMORY 
MULTI- DECODER ARRAY 
REFRESH PLEXER 
ADDRESS 


COUNTER 
Vag GENERATOR 





Figure 2. LH2464 Block Diagram 


PIN DESCRIPTION 
[_siewat_[_-INNAWES—=d 


TE 


[Ao Ay | Address input 
[GAS [Column address strobe 
WE 


[—sienat[SPNNAE— 
[OE | Output enabie 





















a 





ABSOLUTE MAXIMUM RATINGS 


[Output shon-circut curent [to [50 | mA | 
[Power consumption | Pp | 10 | w | 
a 

a ae 


Storage temperature -55 to +150 


NOTE: 
1. Referenced to Vss 
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NMOS 256K (64K x 4) Dynamic RAM LH2464 





RECOMMENDED OPERATING CONDITIONS (Ta = 0 to +70°C) 





NOTE: 
1. Referenced to Vss 


CAPACITANCE (Vcc = 5 V + 10%, Ta = 0 to 70°C, f = 1MHz) 


TT Be) 
, ' 













eR eS A TS SNA. 


= 
cor [—_T ma | 1.2 
=a 







Average supply current 
in normal operation 
















LH2464-15 


: = = “ 
oi 


oO 
> 


LH2464-10 


LH2464-12 lcc3 


LH2464-10 


LH2464-12 loca 


LH2464-15 


ae 
La 
aes 
a 
a 
pee 
a! 
LH2464-10 | ee | 
ee 
cz 
gee’ 


Average supply current 
in RAS only refresh time 


“J 
© 


Average supply current 
in page mode 





CAS before RAS 
average supply current 
in refresh cycle 


LH2464-12 Iccs 


LH2464-15 


OV<sVin<s6.5V 
Input leakage current 0 V on all other pins 
0V<VouTs6.5V 
Output leakage current Output in high-impedance state Lo 


Output "High" voltage 2A 
Output "Low” voltage lout = 4.2 mA | Vo | — | 


NOTES: 
1. The output pins are in high-impedance state. 


2. Icc1, Icc3, Icca, and Iccs depend on the cycle time. 


“J 
© 







io] 


oO 
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LH2464 | NMOS 256K (64K x 4) Dynamic RAM 





AC CHARACTERISTICS ' 2 3 (Vcc = 5 V + 10%, Ta = 0 to +70°C) 


SYMBOL 


LH2464-10 










PARAMETER 


Cc 
z 
af 
r - 
Oo 
=f 
fm 





a aa 
| Random readmrite cycletime | tre =| 200 | =~ | 220 | ~ — | 20 | — | rs | | 
| Readwrite cycle time | tee] 280 | =O | 305 | | 860 | — | ns {| 
| Pagemodecycletime S| tre | 0 | SO |] 120 | | 4 | | ons | 
[Access time tom RAS ———=i«di~Sitmwe «| ~— ~*| too | — | 1 | — | 190 | ns | 46 
| AccesstimefromCAS | ca, ~S | — | 50 | ~ | 6 | ~ | 7% | ns | 56 
| Output tum offdelaytime | tore =~ | | 80 S| | | | | ts | 
‘[Riseandfaltime | Cl 8 | 8 TT TT ns | 
| RAS prechargetime | te | | | | to] Os || 
[RAS pulse with | twas | 400 | 10,000 | 120 | 10,000 | 150 | 10000 | ns | 
| RASholdtime | toe S| | | oo | ~~ | rs | ~ | is | 
| Refresh countertest cycle time | tency =| 85 | | 445 | | 520 | | os | 
| Refresh counter test RAS pulse width |_itrras_— | 285 | | 835 | | 410 || S| ns] 
| CAS prechargetime | tm S| | OC |] | OO of] OO rs | 
| CAS pulsewidth Tite, =| 50 | (10,000 | 60 | 10,000 | 75 | 10,000 | ns | | 
| CASholdtime | tc | to | SO Sto | — | 150 | —~ | rs | | 
| CAS hold time (CAS beforeRAS) ———|_—trcn_ | 100 | ~~ | 120 | — | 150 | —~ | ons | | 
| CAS setup time (CAS before RAS) | tees, =| 10 | =~ | to | ~~ | 80 | OO rs | 
| RAS/CAS delaytime | tro S| 20 | 80 | 5 | | 80 || s | 78 
| CAS/RAS precharge time | tore =| 10 S| 30 S| 10 | ~~ | 0 | CO rs | 
| Row address setuptime | tse | | OC | | OO TO ~ rs 
| Row address holdtime | Stn S| 10 | SO S| 1 | | oT Os || 
| Column address setup time | tse ~S | OO | OC S| | OC Ot TC rs || 
| Column address hold time | tan =| 20 | SO S| 20 | OO S| | OO | rs | 
| Column address hold time from RAS |u| 75 | =O | 80 S| OC | 120 | OTs |] 
| Read command setuptime | ots, =| Oh | ~~ | o [| —~ | o | ~ | ws {| 
| Readcommandholdtime =| tac =| oO | OC | | CO] TC | ts | tt 
| Readcommand hold time from RAS |__itenn, =| 10_—S| =O S| to. | =O S| 2 | OSs | tt 
| Write command setup time | twos =| Oo | OC OT | CU OT | Cs | 
| Write command holdtime | Sten | 85 | OC |] 40 | 1 | OO rs | 
| Write command hold time from RAS | _—twen | 85 | =~ | 100 | OS] 120 | Ons 
| Write command pulsewidth | twe =| 85 | OC | | Ot | OTs 
| Writecommand RAS leadtime | tee =| 85 | || Ot | OTs | 
tm | 95 | — | 4 | — | 46 | — | ons [| | 
| RAS write command delay time |_stewo | 140 «| ~~ | 160 | ~— | 200 | — | ons | | 
| CAS write command delaytime | _—tewo | 90 | =~} 100 | =O | 125 | S| irs | 
| Data input setuptime | tos S| | | oo | ~ | o | ~ firs | | 
[Data input hold time rom CAS _—_—+| we | 35 | — | | — | = | — | = | | 
[Data input Fold time tom AAS ‘| town | 65 | — | 100 | — | ao | — | rs |_| 
| Refresh interval =| ter =| ~ | | ~ | 4 | ~ | 4 ls 
| RAS precharge CAS holdtime |e S| OO | OC S| | OC | | CO Tits | 
| OE commandholdtime | torn | 25 | OC | | OC || CO rs | tt 
| OF accesstime | Cte S| — | | ~ | | ~ | to ls | 
| OE todatadelay | te | | OO |] 0 | OT oO Ts | 
| Output buffer turn-off delay time from OE | toez | 0 | 90 | oO | 30 | oO | 40 | ns | | 
[Data input holdtime rom WE =| tow | 95 | — | «0 | — | = | — | ms | | 
NOTES: 
1. For proper operation, at least 500 ps of pause time after power-on 6. Load condition for 2TTL + 100 pF. 
followed by several initialization cycles (usually 8 ordinary refresh 7. trop (MAX.) is the max. point fo; tacb where trac (MAX.) is 
cycles) should be given. ensured, and doesn't represent a limit of operation. If tacp (MAX.) 
2. AC characteristic assume tr = 5 ns. (tr refers to the transition < tacp, the access time will come under the control of tcac. 
time between Vin and Vi.) 8. trcp (MIN.) = traH (MIN.) + 2tr + tasc (MIN.). 
3. Timing measurements are referenced to Vin (MIN.) and Vit 9. When twcs 2 twcs (MIN.), it comes into early write cycle. 
(MAX.). 10. The operation is ensured when either tacu or trrH is satisfied. 
4. Only when trcp < trcp (MAX.). If tacp > tacb (MAX.), trac will 11. Only when twcs < twcs (MIN.), it must be satisfied. 


increase by (tacp - tac (MAX.)). 


12. Only when in CAS-before-RAS refresh counter test cycle. 
5. When trcp 2 tacp (MAX.). pene et r u cycle 
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NMOS 256K (64K x 4) Dynamic RAM LH2464 


S 
Az XX & ADDRES KX 













tras 
taco tasH 


ee 
WO, 
torp a a 
— | 
as 77) ae 
tasr lee 
VV on \7 a YY YV YY YW VY 
Ag- A, XX) ene XXX XXX YY 
twoH 






; = Ww 
ie IM | 
a ee 


| tonw 


% TMT. 


1-40. KX KRXRRRDOA mewn XKKKKKKKINE 








Figure 4. Write Cycle (Early Write) 
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LH2464 NMOS 256K (64K x 4) Dynamic RAM 


XOXO) 


me ; 
WITT 


Daa Sn 


maa be 
AI ADEA | XX KKXXXXXK 





Figure 5. Write Cycle (OE Controlled Write) 


tcrp | 
= 


D b= 
ORK ie CXKKXXKKX 
trw: ee ee 


Pex | Fe 
= TOO el ANN 


1—~Tloep 
12 _ereu{ vii 


Figure 6. Read-Write/Read-Modify-Write Cycle 
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NMOS 256K (64K x 4) Dynamic RAM LH2464 


“ 
t AS s 
\/ <a 
XMannress) 


co 
D 


U 


S 
S< 
x 
g 


ie 
eae 
in Cc 
vet 
>» 
> 
> 


iad 


7 ADDRES 
Loe, f torr 
loez 

UT NO. 1 


we L/L/LLLL LL. KAA 


{ VALID DATA * 
OUT NO. n 


tA 
a 7 ce 
sin me al 
Kaas KN SKK KKE NY 


x) (naees} ” Uapaess XX C4: XK /\ /AADDRESS 

- = et 

« TON a aw || eae 
pummel | S| 


OM Monro | A oaratnino. 2h OK XA nara. RY QI OK IO 


2464-8 





Figure 8. Page Mode Write Cycle 
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LH2464 NMOS 256K (64K x 4) Dynamic RAM 
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Figure 9. RAS Only Refresh Cycle 
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Figure 10. CAS Before RAS Refresh Cycle 
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Figure 11. Hidden Refresh Cycle 
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Figure 12. CAS Before RAS Refresh Counter 
Test Cycle 





LH2464 


CAS-before-RAS Refresh Counter 
Test Cycle : 


The CAS-before-RAS refresh counter test cycle is 
used to verify the operation of the internal refresh 
counter. The verification can be done by following the 
steps as described below. 


1. Write "0" into 256 row addresses on a particular 
column address, which are selected by the internal 
refresh counter, by the write operation of the CAS- 
before-RAS refresh counter test cycle mode with any 
given column address. 


ORDERING INFORMATION 


LH2464 X - ## 
Speed 





Device Type . Package 





NMOS 256K (64K x 4) Dynamic RAM 


2. Read and verify "0" of the 256 row addresses on 
the same column in regular read mode by externally 
supplying address signals. 


Then, write "1" into the above 256 row addresses in 
regular write mode. 


3. Read and verify "1" of the 256 row addresses in 
the CAS-before-RAS refresh counter test cycle mode. 


Refer to timing chart (12) of the CAS-before-RAS refresh 
counter test cycle. 


10 100. 
12 120 Access Time (ns) 
15 150 


Blank 18-pin, 300-mil DIP (DIP 18-P-300) 


NMOS 64K x 4. Dynamic RAM 


Example: LH2464-10 (NMOS 256K (64K x 4) Dynamic RAM, 100 ns, 18-pin, 300-mil DIP) 
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NMOS 256K (64K x 4) Dynamic RAM 





FEATURES 


65,536 x 4 bit organization 
Access times: 120/150 ns (MAX.) 
Cycle times: 220/260 ns (MIN.) 


Nibble-Mode, Read-Modify-Write 
operation 


Power supply: +5 V+ 10% 


Power consumption: 
Operating: 457/413 mW (MAX.) 
Standby: 27.5 mW (MAX.) 


TTL compatible I/O 
Built-in gated CAS function 


Early-write or OE control allows bus 
management of the data-out buffer 


RAS only refresh, Hidden refresh, CAS 
before RAS refresh capability 


256 refresh cycle (refreshing time 4 ms) 


Built-in high output substrate bias 
generator circuit 


Package: 
18-pin, 300-mil DIP 


SHARP 


DESCRIPTION 


The LH2465 is a 65,536 x 4 bit dynamic RAM fab- 
ricated using N-channel 2-layer polysilicon gate process 
technology. With multiplexed address inputs and a 
standard 18-pin DIP package, it is easy to comprise 
memory systems with high speed, low power consump- 
tion and large memory capacity. The LH2465 operates 
on a single +5 V power supply. The built-in high output 
substrate bias generator circuit eliminates sensitivity to 
undershoot on the input signals. 


PIN CONNECTIONS 


18-PIN DIP TOP VIEW 





Figure 1. Pin Connections for DIP Package 
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Figure 2. LH2465 Block Diagram 


PIN DESCRIPTION 
SIGNAL 













[senaL[—S*~*~«é NAW 
[Ee | Outputenable 
Vss 


[vss [Power supply (0 V) 


Address input 
Row address strobe 


Column address strobe 
Write enable 


= 
> 


CAS 
WE 





ABSOLUTE MAXIMUM RATINGS 


PARAMETER 
Supply voltage 
Output short-circuit current 
Power consumption 
Operating temperature 
Storage temperature Tstg 


NOTE: 
1. Referenced to Vss 
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RECOMMENDED OPERATING CONDITIONS (Ta =0 to +70°C) 


ss 
came (owe | 
ve ae er 
NOTE: 


1. Referenced to Vss 





CAPACITANCE (Vcc = 5 V + 10%, Ta = 0 to +70°C, f = 1MHz) 


[OeWE [ow [|| 7] 
RAS, CAS [ons [|_| | 0 
pe fw | 


Input/Output 






Input capacitance 









Average supply current LH2465-12 
in normal operation LH2465-15 
Average supply current in standby mode 
| Average supply current LH2465-12 
in RAS only refresh time LH2465-15 
Average supply current LH2465-12 I 
in nibble mode LH2465-15 CC4 
CAS before RAS LH2465-12 
Iccs 


average supply current 

in refresh cycle LH2465-15 
OV<sVins65V 

Input leakage current 0 V onall other pins It) 


0V<VouTs6.5V 
Output leakage current Output in high-impedance loi.) 
state 


Output "High" voltage 
| Output “Low” voltage louT = 4.2 mA 


NOTES: 
1. The output pins are in high-impedance state. 


2. Icc1, Ices, Icc4, and Iccs depend on the cycle time. 
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AC CHARACTERISTICS "23 (Vcc = 5 V + 10%, Ta = 0 to +70°C) 






Column address setup time a 


Column address hold time 
Column address hold time from RAS 
Read command setup time 
Read command hold time 
Read command hold time from RAS 
Write command setup time | twes | 
Write command hold time | twen | 40 
Write command hold time from RAS | two 
Write command pulse width - | twee 
Write command RAS lead time 
Write command CAS lead time 
RAS write command delay time 


CAS write command delay time | 


Data input setup time 
Data input hold time from CAS | tore =| 40 
Data input hold time from RAS __ | town ~—s | 100 | 


Refresh interval 


RAS precharge CAS hold time | tape 


OE command hold time 

OE access time | toca 
OE to data delay | toc 
Output buffer turn-off delay time from OE | toez 
Data input hold time from WE | toHw | 
Refresh counter test cycle time 

Refresh counter test RAS pulse width 





NOTES 

1. Forproper operation, atleast 500 ps of pause time after power-on 
followed by several initialization cycles (usually 8 ordinary refresh 
cycles) should be given. 

2. AC characteristic assume tr = 5 ns. (tr refers to the transition 
time between Vin and Vi.) 

3. Timing measurements are referenced to Vin (MIN.) and Vit 
(MAX.). 

4. Only when trcp < trcp (MAX.). If tacp > tacp (MAX.), trac will 
increase by (trcp - tacp (MAX.)). 

5. When trcp 2 trcp (MAX.). 


Urea 
_ PARAMETER SYMBOL La aH a UNIT NOTE. 


| Random readwrite cycletime | tee | 220 | | 20 | Ors | 
| Readwritecycletime | tw | 905 | | 380 | OO ts | 


| Access time from RAS | ts | | t20 | || 
Access time from CAS | tac | — | oo | | ls 
Output turn off delay time | torr | 80] | 
Rise and fall ime a a Oe eee ee 
RAS precharge time Se ee a ee ee ee 
RAS pulse width | ts | 120 | 10,000 | 150 | 10,000 | ns 
RAS hold time ee ee ee oe ee 
CAS precharge time pte [| so | — | o | — | mo | 
CAS pulse with [teas | 60 | 10000 | 75 | 10,000 | ns | 
CAS hold time tosh | 120 | — | 160 | — | ns | 
CAS hold time (CAS before RAS) Se eo ee ee ee 
CAS setup time (CAS before RAS) tes | 10 | — | 30 | — | ons | 
RAS/CAS delay time [to | 25 | 6 | 9 | 7% | ne | 70 
CAS/RAS precharge time | tore | 10 ae a ee 
Row address setup time | sh | ee ee 
Row address hold time | tern | 15 | — | ons | 


10. 
11. 
12. 





Load condition for 2TTL + 100 pF. 

tacp (MAX.) is the maximum point for tacp where trac (MAX.) is 
ensured, and does not represent a limit of operation. 

If tcp (MAX.) < trcp, the access time will come under the control 
of tcac. 

taco (MIN.) = traH (MIN.) + 2tr + tasc (MIN.). 

When twcs 2 twcs (MIN.), it comes into early write cycle. 

The operation is ensured when either tRcnH or trAH is satisfied. 
Only when twcs < twcs (MIN.), it must be satisfied. 

Only when in CAS-before-RAS refresh counter test cycle. 
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NMOS 256K (64K x 4) Dynamic RAM LH2465 


NIBBLE MODE CHARACTERISTICS (Ta = 0 to +70°C, Vcc = 5 V + 10%) 


466. 


Nibble mode write command hold time 
Nibble mode write command pulse width 


* VALID DATA 
OUT 





Figure 3. Read Cycle 
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Figure 4. Write Cycle (Early Write) 
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Figure 5. Write Cycle (OE Controlled Write) 
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Figure 6. Read-Write/Read-Modify-Write Cycle 
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Figure 7. Nibble Mode Write Cycle 
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Figure 8. Nibble Mode Read Cycle 


tasr tap 
traH 


Ao- Az XX KX AKA 


HIGH-Z 


VO, - VO, 
NOTE: CAS 2 Vj, (MIN) 





Figure 9. RAS Only Refresh Cycle 
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CAS-Before-RAS Refresh Counter 
Test Cycle 


The CAS-before-RAS refresh counter test cycle is 
used to verify the operation of the internal refresh 
counter. The verification can be done by following the 
steps as described below. 


(1) Write “O" into 256 row addresses on a particular 
column address, which are selected by the internal 
refresh counter, by the write operation of the CAS-be- 
fore-RAS refresh counter test cycle mode with any given 
column address. 


LH2465 


(2) Read and verify "0" of the 256 row addresses 
on the same column in regular read mode by externally 
supplying address signals. 


Then, write "1" into the above 256 row addresses in 
regular write mode. 


(3) Read and verify "1" of the 256 row addresses 
inthe CAS-before-RAS refresh counter test cycle mode. 


Refer to timing chart (Figure 12) of the CAS-before- 
RAS refresh counter test cycle. 





Figure 10. CAS Before RAS Refresh Cycle 
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Figure 11. Hidden Refresh Cycle 
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NMOS 256K (64K x 4) Dynamic RAM 
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Figure 12. CAS Before RAS Refresh Counter 
Test Cycle 
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ORDERING INFORMATION 


LH2465 X - ## 
Device Type 


Package Speed 


| i 120 
15 150 Access Time (ns) 
Blank 18-pin, 300-mil DIP (DIP18-P-300) 


NMOS 256K (64K x 4) Dynamic RAM 


Example: LH2465-12 (NMOS 256K (64K x 4) Dynamic RAM, 120 ns, 18-pin, 300-mil DIP) 





LH604256 


CMOS 1M (256K x 4) Dynamic RAM 





FUNCTION 


262,144 Words x 4-Bit Dynamic RAM 
Access times: 80/100 ns (MAX.) 
Power supply: +5V + 10% 


Power consumption (MAX.): 
Operating: 374/340 mW 
Standby: 374/340 mW 


TTL compatible I/O 


Early-write or OE control allows bus 
management of the data-out buffer 


RAS only refresh, Hidden refresh and 
CAS before RAS refresh capability 


512 refresh cycle 
(refresh period (MAX.) = 8 ms) 


Packages: 
20-pin, 300-mil DIP 
26-pin, 300-mil SOJ 
20-pin, 400-mil ZIP 


SHARP 


DESCRIPTION 


The LH604256 is a 262,144 word x 4 bit dynamic 
RAM which provides a high-speed page mode 
operation. 


The LH604256 is fabricated using advanced CMOS 
process technology. With multiplexed address inputs 
and standard 20-pin DIP/ZIP or 26-pin SOJ packages, 
it is easy to comprise memory systems with high speed, 
lower power consumption and large memory capacity. 
The LH604256 operates on a single 15 V power supply. 


PIN CONNECTIONS 


20-PIN DIP 


1 
2 
3 
4 
5 
6 
7 
8 
9 


sioge 


Tt t1Or it r 
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Figure 1. Pin Connections for DIP, SOJ, 
and ZIP Packages 
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PIN DESCRIPTION 
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SS 


Address input 


CMOS 1M (256K x 4) Dynamic RAM 


TIMING 
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Figure 2. LH604256 Block Diagram 



















rN NAME _[____FuNeTION—____ 
[WE | Witeenabie SSS 
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CMOS 1M (256K x 4) Dynamic RAM LH604256 


ABSOLUTE MAXIMUM RATINGS 
[Rate —SCS~S~*~r SY BOL CONDITIONS [VALUE | ONT 


Voltatge on any pin relative to Vss 
[Short circuit output current «| _—itos a ae 
Power dissipation | Po] TOOT 


Strorage temperature | sg fo -55 to +150 ‘Cc 










PARAMETER SYMBOL CONDITIONS 
Vec | sd 
Supply voltage | Veo 
ee 
VIH 
Vit 


SS 






input high voltage | Vw | 
inputlow voltage | va_| 


PARAMETER SYMBOL CONDITIONS Sa ae NOTE 


Output high voltage loH = -5 mA 2.4 Vcc 
Output low voltage 


oV<Vis6.5 V 
Input leakage current lu all other pins not under 
test =0V 















Output leakage current aro eg 
Average power supply RAS, CAS 
current (operating) tac = min. 


Power supply current ies nae : vik i ae 


RAS, CAS cycling 








Average power supply RAS cycling 
current (RAS only Icc3 CAS = Vi 
refresh) trac = min. 


Average power supply SKE : 
current (CAS before Iccs Che roe EAS 
RAS refresh) 


Average power supply RAS - Vit 
current (Fast page Icc7 CAS cycling 
mode) tpc - min. 


NOTE: 
1. Icc is dependent on output loading and cycle rates. Specified values are obtained with the outputs open. 










CAPACITANCE (Vcc = 5 V + 10%, f = 1MHz, Ta = 0 to 70°C) 
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_LH604256 CMOS 1M (256K x 4) Dynamic RAM 





AC CHARACTERISTICS '2* (Vcc = 5 V+10%, Ta =0 to +70°C) 


LH604256-80A LH604256-10A 
eee omer oan [wax [MN [wax | | 


JSSRROSN PSO ee ee ee eo 


[Random read orwite ycloime——=~*~“‘*~sdCSC~i‘i SCPC ds 
a 
[Fast page mode cycleme——=~=~“~*~*~*~sdSCSC*‘ SSCS 
= ae Oe 
Acoess time fom RAS SSCS*~srCSCi SES dT iC id 
Access time fomGASSSCS~*~“~*~‘“~*~*~sdSCSCi SCP 
F access time trom columm address —=~=S~*~“~*~idtCSC~i‘a SSP Pde 
Access time from GAS precharge ——~=S~*~dC~i YS Pe 
[Output ow impedance time tomGAS_——=—Ss«dtite sf dT ddd re | 
F Output buter umottdely ——=—S*~Ss te «Pd P| 
Transiiontme —=SsSCSC=~—“~*~*~“‘“‘“‘~*~‘~wS CT Te 
RAS prechargetme——=~=~“‘*~*é~dCSC‘aSP OTC] Cd 
RAS pulsewidth —~—S~S~SsS=~S~SsS tas «w+ tm | 100~~+| OO | we |CCC*d 
RAS pulse width (Fast page mode cyclo only) | twar | 80 | 100,000 | 100 | 100000 | re |_| 
PRAShodtime—SS™S*~dCSCti PTT de Cd 
CAS precharge time (Fast page mode aycie ony) | tcp | 10 | - | 0 [| - | | | 
GAS pusowidh ——SSSC*dtCSCttens + «YS (t000 |S «| (OOO |e | 
CAS hoidtime ——SSSSCSC~S~Ss em Pw dt de 
RAS to GAS delay time —~=~S~*~S~S~ST ted mes 
RAS to coun address delay modi tw | 17) 0 | 20 | so) oe 
[GAS to RAS prechargetime —=S~*~“~*~*édSCie «| |e 
F Row address setupime ——=~=~=—“—*~“—~*~*sdSCs P| CT Cd 
Row address holdtime ——SSS~S~wS te Pte 
[Column adéress setuptime—=~*~“‘~*~*dSCt SST dT YC 
[Column address hodime _——S~*~S~stws PtP) 
[Column address hokd ime from RAS ——SC~dSite | | dP | dr | Cd 
[Column address RAS oad ime ~*~‘ P| dT 
Read command setuptime——=Ss=~=‘“~*é*idCSCi SPS] | Cd | Cd 
[Read command home __——=S~sSes iP Td 
[Write command hold time rom AS ——SCSCS~dC*~i P|) TCS 
[Wirie command setup time ——~S=~*~*~dSs P| 
Wire command holdtime ——S~S~Ss emf | Td Pd 
[write command pulsotime ——Ss*~—~sSe PY Pd 
[Write command RASteadtime——=~=~“‘*~*idtCSCi ||P dP Cd 
[Wire command to GASteadtime_——S~idCiem || Sd 
Datainsetuptime ———SSSC~=~“‘*‘“~*‘“‘*‘~sdSSCi SPP CS 
a OS 
[Daten hold ime fom RAS——SSSCS~dST te wd 
[CAS toWEdeley —SSSCS~—~—~—~S~*~stw SPOT T dC TC” 
RAS toWE dey —SSSSCS~—~SsSs~s oP |) Cd | Od 
Column adéress to WE delayime_——S~dtCSCit «| SOT) Td | Cd 
Read command hold time referenced w RAS | tw | 10 | - | 0 | - |. |e | 
[RAS fo GAS setup time (GAS belore AAS) ——~i| ten | 0 | - | 0 | - | = | | 
er oe ee ee 
[CAS active delay fom RAS precharge ——=S«dt Ste «YO | dO] dT re | CS 
EAS precharge tme(Retesh countertes «iti +t od] dO] | | Cd 
TEAS prechargetine ———SSSSC~see dP | Cd 
RAS hod time reteencedioOE——=S~*~sdCSCite fT PC” 
accesstimefromOE SSC*~*~“‘~*~*é~dSCte Oe 
POE delaytine ——SCSCS~—SsSsS~SsS wf Td Pd 
OE w data ouput bller urvotidelay ——~S~dt Ste td] || |e Cd 
[OE commandhodime ——SSCS*~idCSCit GSTS STC Cd | Cd 


See next page for notes. 
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NOTES: 


1. 


An initial pause of 100 ps is required after power-up followed by 
any 8 RAS cycles. (Examples: RAS only Refresh cycle) before 
proper device operation is achieved. 

The AC characteristics assume at tr = 5 ns. 

Vin (MIN.) and Vit (MAX.) are reference levels for measuring of 
input signals. Also, transition times are measured between Viq 
and Vi. 

Measured with a load circuit equivalent to 2TTL + 100 pF. 
Operation within the taco (MAX.) limit insures that trac (MAX.) 
can be met. taco (MAX.) is specified as a reference point only; 
if tcp is greater than the specified tacp (MAX.) limit, then access 
time is controlled exclusively by tcac. 


. Operation within the trap (MAX.) limit insures that trac (MAX.) 


can be met. trap (MAX.) is specified as a reference point only; 
if trap is greater than the specified trap (MAX.) limit, then access 
time is controlled exclusiviely by taa. 


. twcs, tow, tawo, and tawp are not restrictive operating parame- 


ters. They are included in the data sheet as electrical charac- 
teristics only; if twcs 2 twcs (MIN.), the cycle in an early write 
cycle and the data out pin will remain open circuit (high-imped- 
ance) throughout the entire cycle; if tcwo 2 tcwp (MIN.), tawo 2 
trwo (MIN.) and tawp 2 tawp (min.), the cycle is read/write cycle 
and the data out will contain data read from data out (at access 
time) is indeterminate. 


Either tary or tacH must be satisfied for a read cycle. 
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Figure 3. Read Cycle 
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Figure 5. Write Cycle (OE Control) 
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Figure 6. Read/Write, Read-Modify-Write Cycle 
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Figure 7. High Speed Page Mode Read Cycle 
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Figure 8. High Speed Page Mode Write Cycle (Early Write) 
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Figure 9. High Speed Page Mode Write Cycle 
(OE Control) 
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Figure 11. RAS Only Refresh Cycle 
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VoL : VALID DATA-OUT 


Figure 13. Hidden Refresh Read Cycle 
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Figure 14. Hidden Refresh Write Cycle 
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Figure 15. CAS Before RAS Refresh Counter 


CMOS 1M (256K x 4) Dynamic RAM LH604256 


ORDERING INFORMATION 


LH604256 X - ## 
Device Type Package Speed 


80A 80 ; 
L_f ana 4100 Access Time (ns) 


D 20-pin, 300-mil DIP (DIP20-P-300A) 
K 20-pin, 300-pin SOJ (SOJ20-P-300) 
Z 20-pin, 400-mil ZIP (ZIP20-P-400) 


CMOS 1M (256K x 4) Dynamic RAM 


Example: LH604256D-80A (CMOS 1M (256K x 4) Dynamic RAM, 80 ns, 20-pin, 300-mil DIP) 
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FEATURES 

e 262,144 x 4 bit organization 

e Access times: 100/120 ns (MAX.) 
e Cycle times: 160/190 ns (MIN.) 


e Cycle time in static column mode: 
55/65 ns (MIN.) 


e Power supply: +5 V+ 10% 


e Power consumption (MAX.): 
Operating: 374/340 mW 
Standby: 11 mW 


e TTLcompatible I/O 


e Early-write or OE control allows bus 
management of the data-out buffer 


e RAS only refresh, Hidden refresh and 
CS before RAS refresh capability 


e 512 refresh cycle 
(refresh period (MAX.) = 8 ms) 


e Packages: 
20-pin, 300-mil DIP 
26-pin, 300-mil SOJ 
20-pin, 400-mil ZIP 
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DESCRIPTION 


The LH64258 is a 262,144 word x 4 bit dynamic 
RAM which provides a static column mode operation. 


The LH64258 is fabricated using advanced CMOS 
process technology. With multiplexed address inputs 
and standard 20-pin DIP/ZIP or 26-pin SOJ packages, 
it is easy to comprise memory systems with high speed, 
low power consumption and large memory capacity. 
The LH64258 operates on a single +5 V power supply. 
The built-in high output substrate bias generator circuit 
eliminates sensitivity to undershoot on the input signals. 


PIN CONNECTIONS 


20-PIN DIP TOR MEW 


=O 
oa 


fl 
3: 
+ 


rte retry 
= 
f 


On 
P53 § 


LO! SOU L@P al at 
@ 


eT ae 


Figure 1. Pin Connections for DIP, SOJ, 
and ZIP Packages 
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CMOS 1M (256K x 4) Dynamic RAM LH64258 


/O, I/ Oo V/O3 / O, 


Ves 
GENERATOR 


R/W CLOCK 
GENERATOR 


CS CLOCK 
GENERATOR 


MEMORY 
ARRAY 
1,048,576 BITS 


RAS CLOCK 
GENERATOR 


SENSE AMP. I/O GATE 
COLUMN DECODER 


ROW 
ADDRESS 
BUFFER 


ROW 
| DECODER 


NOTE: The pin numbers apply to 20-pin DIP. 





Figure 2. LH64258 Block Diagram 


PIN DESCRIPTION 


Address input 


Ao - Ag 
RAS Row address strobe 
Ss 
WE 









ee 
[CE | Outputenable 


Chip Select 





ABSOLUTE MAXIMUM RATINGS 


PARAMETER SYMBOL RATING UNIT NOTE 
Supply voltage -1.0 to +7.0 


V 
Output short-circuit current | to «6| BOS 
| Poof tO Tw 
| Topr_| Oto+70 | °C 
Cc 


Power consumption 
0 to +70 


Operating temperature Topr 


Storage temperature Tstg_ | 85to+150 | °C | 


NOTE: 
1. Referenced to Vss 
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LH64258 CMOS 1M (256K x 4) Dynamic RAM 





RECOMMENDED OPERATING CONDITIONS (Ta =0 to +70°C) 






| Supply votage wee _}_45_1_50_1_55__ ¢ (ots 
| vss | oo | o | o | ee 


input votage HH} 26} __}_ 5 ae ae ae 
Pe ee ee 






NOTE: 
1. Referenced to Vss 


DC CHARACTERISTICS (Vcc =5 V+ 10%, Ta = 0 to +70°C) 


Average supply current 
in CS before RAS 
refresh cycle 


Average supply current LH64258-10 
in RAS only refresh cycle LH64258-12 


OV<sVins6.5V 
Input leakage current 0 V onall other pins 
OV <VouT<6.5V 
Output leakage current Output in high-impedance state ILo 


Output "High" voltage lout = -5 mA 
Output "Low" voltage louT = 4.2 mA 
NOTES: 
1. The output pins are in high-impedance state. 
2. Icc1, Icc3, Icca and Iccs depend on the cycle time. 
3. Cycle time: 190 ns (LH64258-10), 220 ns (LH64258-12). 
Figures in parenthesis indicate current under minimum cycle time operation. 
Address transition is occurs when RAS = Vin and RAS = Vi. 





CAPACITANCE (Vcc = 5 V+ 10%, Ta = 0 to +70°C, f = 1MHz) 
PARAMETER 
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CMOS 1M (256K x 4) Dynamic RAM LH64258 


AC ELECTRICAL CHARACTERISTICS ' 2) 34 (Veg = 5 V+ 10%, Ta = 0 to +70°C) 


iianse-0 
PARAMETER SYMBOL oak . UNIT NOTE 


(1) READ CYCLE 


Gort. a 
[Output data disable te (OE) | toe 
[Output data hold ime (address) [tow 
[Output dataroidime (CS) | eon 
toon 
=a 















ai 
i 


° 
“J - 
“| | 18 

_ 


aa 
a 
ee 
a 
cs | 0 
[Read command hold ime (©S) | won | 10 
[Read command hold time (RAS fal) [two | 110 
[Read command hold ime (RAS rise) | two | 10 
[ranation me (ise and fay [| _» | 3 
[Retesh tmeinteral | er | 


(2) STATIC COLUMN MODE READ — 
Static column mode cycie time ae 
Column address hold time (RAS) | tah | 100 


cea ys ae 
[Wite command setup ime (CS) | wea 
[We command hold time (GS) |e 
[Data input setup ime dts 
a 
ie 


| Data input hold time 
Write pulse width (CS) 


PWte pulse wat (WE) tw 
[OE hold ime WE) S*dCtoew 
=a 


(OE CONTROL WRITE) 









Column address set-up time (WE) 
Column address hold time (WE) 


See next page for notes. 
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CMOS 1M (256K x 4) Dynamic RAM 





SYMBOL LH64258-10 LH64258-12 


UNIT NOTE 









PARAMETER 


[OE delay ime SSCS~*~dSC*it = 


(5) STATIC COLUMN MODE WRITE CYCLE 

























10 


(6) CS-BEFORE-RAS REFRESH CYCLE/HIDDEN REFRESH CYCLE 


ES precharge ime (RAS ise) | wer 
WE precharge ime (HAS) |e 
| 


trop 
















If twos 2 


"High", I/O pin 


NOTES: 
1. For proper operation, at least 500 pis of pause time after power-on 6. trop (MAX.) is the maximum point for tacp where tacs (MAX.) is 
followed by several initialization cycles (usually 8 ordinary refresh ensured, and does not represent a limit of operation. 
cycles) should be given. If tacp 2 tacp (MAX.), the access time comes under the control 
2. AC characteristics assume tr = 5 ns. (tr refers to the transition of tacs. 
time between Vin and Vi.) 7. 2TTL + 100 pF load 
3. Timing measurements are referenced to Vin (MIN.) and Vit 8. The operation is ensured when either tracy or tarH is satisfied. 
(MAX.). aes 9. twcs, tcws are not restrictive operating parameters. 
4. Icc when power on depends on RAS input level. twcs (MIN.), the cycle is an early write cycle and the data out 
If RAS = Vit when power on, LSI goes into an active cycle and and buffers remain inactive throughout entire cycle. 
may have a large current Icc. It is recommended to rise RAS 10. togH is required to keep I/O pin floating. 
with Vcc or fix at Vin, when power on. When OE goes “Low” with CS = "Low" and WE = 
5. trad (MAX.), is the maximum point for trap where taa (MAX.) is is used to output data as written. 
ensured, and does not represent a limit of operation. 11. tows is not restrictive operating parameter. When tows < tows 


If taap 2 trap (MAX.), the access time comes under the control 
of taa. 


(MIN.), it may come into early write cycle. 
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CMOS 1M (256K x 4) Dynamic RAM LH64258 
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Figure 3. Read Cycle 


— Vit 
-V 
XXX ve 
—Vin 
— Vin 


—Vin 
— Vin 


ls tou 
WO,-UO, XX XXX ota ROKK KAM vt 


NOTE: OE = Don't care 





Figure 4. Write Cycle (Early Write) 
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LH64258 CMOS 1M (256K x 4) Dynamic RAM 
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Figure 5. Write cycle (OE Controlled Write) 
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Figure 6. Read/Write Cycle 
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CMOS 1M (256K x 4) Dynamic RAM 
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Figure 7. Static Column Mode Read Cycle 
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Figure 8. Static Column Mode Write Cycle (Early Write) 


LH64258 


LH64258 
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CMOS 1M (256K x 4) Dynamic RAM 
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Figure 9. Static Column Mode Write Cycle 
(OE Control Write) 
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Figure 10. Static Column Mode Read/Write Cycle 
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Figure 13. CS Before RAS Refresh Cycle 


SHARP 


— Vit 


—Vin 
— Vit 


—Vin 
— Vit 


—Vin 





LH64258 


2-57 


LH64258 CMOS 1M (256K x 4) Dynamic RAM 





ORDERING INFORMATION | 


LH64258 _ X - #H# 
Device Type ‘Package Speed 


10 100 . 
Ly 120 Access Time (ns) 


D 20-Pin, 300-mil DIP (DIP20-P-300A) 


K 26-Pin, 300-mil SOJ (SOJ26-P-300) 
Z 20-Pin, 400-mil ZIP (ZIP20-P-400) 


CMOS 1M (256K x 4) Dynamic RAM 





Example: LH64258D-10 (CMOS 1M (256K x 4) Dynamic RAM, 100 ns, 20-Pin, 300-mil DIP) 
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PRELIMINARY . 
L H 64400 CMOS 4M (1M x 4) Dynamic RAM 


FEATURES 





PIN CONNECTIONS 
© 1,048,576 x 4 bit organization 


e Access times: 80/100 ns (MAX.) 20-PIN DIP 
e Cycle times: 140/160 ns (MIN.) 


e Cycle time in high speed page mode: 
50/55 ns (MIN.) 


@ Power supply: +5 V+10% 


e Power consumption (MAX.): 
Operating: 523/468 mW (MAX.) 
Standby: 5.5 mW (MAX.) 


e TTLcompatible I/O 


e Early-write or OE control allows bus 
management of the data-out buffer 


e RAS only refresh, Hidden refresh and 
CAS-before-RAS refresh capability 


e §8-bit parallel test mode 
(contact SHARP for details) 


e 1,024 refresh cycle 
(refresh period (MAX.) = 16 ms) 


e Packages: 
20-pin, 300-mil DIP 
26-pin, 300-mil SOJ 
20-pin, 400-mil ZIP 
26-pin, 300-mil TSOP 26-PIN TSOP 26-PIN TSOP 
(normal/reverse bend pins) Jule (REVERSE BEND) 


TTT 


ee 
5: s 


ima 
Riiticatt 


o 
| ae | 
i] m a 


tease 3° 
e 


DESCRIPTION 


The LH64400 is a 1,048,576 x 4 bit dynamic RAM 
which provides a high speed page mode operation. 


The LH64400 is fabricated using advanced CMOS 
process technology. With multiplexed address inputs 
and standard 20-pin DIP/ZIP or 26-pin SOJ/TSOP pack- 
ages, it is easy to comprise memory systems with high 
speed, low power consumption and large memory 
capacity. The LH64400 operates on a single +5 V power 
supply. The built-in high output substrate bias generator 
Circuit eliminates sensitivity to undershoot on the input 
signals. 





Figure 1. Pin Connections for DIP, SOJ, 
ZIP, and TSOP Packages 
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LH64400 PRELIMINARY CMOS 4M (1M x 4) Dynamic RAM 


VO, WOz WO, WO, 
fa 


OE CLOCK 
DATA IN DATA OUT CENERD ION 
| — 


R/W CLOCK 
GENERATOR 


CAS CLOCK 
GENERATOR 


RAS CLOCK MEMORY 


ARRAY 
BITS 


ROW 
anoness || REFRESH 
BUFFER 


SENSE AMP. I/O GATE 
COLUMN DECODER 


NOTE: The pin numbers apply to 20-pin DIP. 





Figure 2. LH64400 Block Diagram 


PIN DESCRIPTION 


[sina 


















SIGNAL 


Pina 
[CE | Ovtputenable 


ABSOLUTE MAXIMUM RATINGS 








FOutputshon circuit curent [tos | 50 | ma | 
[Power consumption | Po | 10 | w | 
[Operating temperature | Topr_ | ows70 | oc | 
[Storage temperature | Taig | Sstoviso | co | 


NOTE: 
1. Referenced to Vss 
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RECOMMENDED OPERATING CONDITIONS (Ta = 0 to +70°C) 





NOTE: 
1. Referenced to Vss 


DC CHARACTERISTICS (Ta = 0 to +70°C, Vcc = 5 V + 10%) 


Average supply current 
in CAS before RAS 
refresh cycle 


Average supply current 
in RAS only refresh cycle 





NOTES: 

1. The output pins are in high-impedance state. 

2. lecs, lecs, lcce and lcc7 depend on the cycle time. 

3. Address transition occurs when RAS = Vin and RAS = Vit 


CAPACITANCE (Vcc = 5 V+ 10%, Ta =0 to 70°C, f = 1MHz) 
PARAMETER 


Input capacitance 





Input/output capacitance 
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LH64400 | | PRELIMINARY CMOS 4M (1M x 4) Dynamic RAM 





AC CHARACTERISTICS 1234 (Ta = 0 to +70°C, Vcc = 5 V + 10%) 
ees rari: 
seme. eT ae | 


(1) READ CYCLE 





Random read/write cycle time 
Access time from RAS 
Access time from CAS 
Access time from column address 
Access time from OE 
Row address setup time tasr 
Row address hold time 
Column address setup time 
Column address delay time (RAS) 
Column address lead time (RAS) 
Column address hold time (RAS) 
RAS pulse width 
RAS precharge time 
CAS precharge time (RAS fall) 
CAS delay time (RAS) 
CAS lead time (RAS) 
OE command RAS lead time 
Output data disable time (CAS) 
Output data disable time (OE) 


=] 
a 


10, 


Ps] 


PLATT ibe LUI TT eee 
HIATT [Pee 


pulse width A 10,000 

CAS hold time ae 

Output data hold time (CAS) PF 

Output data hold time (OE) ae 

Read command setup time as 

Read command hold time (CAS) 10 | 

Read command hold time (RAS rise) 10 PF 

Transition time (rise and fall) tr | 50 
_ Refresh time interval E | 16 

(2) HIGH SPEED PAGE MODE READ CYCLE | 

High speod paperiods deine ‘| we | | = | J 
| CAS prechargetime | to S| ct] | tT 
GAS precharge accoss to (CRS tee) [ tener [8 | 0] 770 
RAS pulse width [tar] 00] 10000] 100 | 70,000 — 
ee ee ee ce 
| Data input setuptime | ts | a 
Dainese ee 
Weta command senup Wie tee eo 
| Writecommandholdtime | tc S| 0 | | tT ee ee 


(OE CONTROL 






| ns 

| ns 

| ns 

| ns | 

| ons 

| ons 

| ons | 

ee eOee 

| ns | 
| CAS setuptime (WE) | tows S| | ts 
[Write commandleadtime (RAS) | tm «|= 20 | S| | CdTss S| CS 
| Write command leadtime (CAS) | tom | 20 | | Ts 
[Write pulsewidth (WE) Cd| Ste SS] tS |S tS TCTs STS 
| OE holdtime (WE) Ete S| 20 | | ls 

(4) READ-WRITE CYCLE 
| Read-writecycletime | tee] 195 | ets tt 
| WE delaytime (RAS) | te tt | 8 ts tt 
| Column address delay time (WE) |S tawo | 70 | | 8S || ts | 
WE delay time (CAS) | two | ST es 
| OEdelaytime sid te] ts | 
(5) CAS BEFORE RAS REFRESH CYCLE/HIDDEN REFRESH CYCLE 

[CAS setuptime (RAS) —C‘dEC ith S| CT CT ls ST 
toon | 20 | | 2 | | ms | 
[RAS/CAS precharge time (RAS rise) =| sto ~—=«|:«st0=«d|=SSSd| st S| Sd] Cs | SCS 
| WE precharge time (RAS) | Strep S| OT Cs 
PWEIRASholdtime ——SSS*S~iCSC‘imwMw =| t=s|S| tS] Sd] S| SC 
| CAS precharge time (RAS fal) | Stow S| 10s | | tT ts OT 


* See next page for notes. 
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CMOS 4M (1M x 4) Dynamic RAM 


PRELIMINARY 


LH64400 





NOTES: 


1. 


For proper operation, at least 200 pis of pause time after power-on 
followed by several initialization cycles (usually 8 ordinary refresh 
cycles) should be given. 

AC characteristic assume tr = 5 ns. (tr refers to the transition 
time between Vin and ViL.) 

Timing measurements are referenced to Vin (MIN.) and Vit 
(MAX.). 

Icc when power on depends on RAS input level. 

If RAS = Vi_ when power on, LSI! goes into an active cycle and 
may have a large current Icc. It is recommended to rise RAS 
with Vcc or fix at Viq when power on. 

trcp (MAX.), is the maximum point for trap where taa (Max.) is 
ensured, and does not represent a limit of operation. 

If tap 2 trap (MAX.), the access time comes under the control 
of taa. 


VO,- VO, 


ON 


10. 
11. 





trcp (MAX.), is the maximum point for trap where tcac (MAX.) 
is ensured, and does not represent a limit of operation. 

If tacb 2 tac (MAX.), the access time will come under the control 
of tcac. 

2TTL + 100 pF load. 

The operation is ensured when either trRcH or tRRH is satisfied. 
twcs is not a restrictive operating parameter. It comes into early 
write cycle with the WE = “Low” at the falling edge of CAS. Then, 
V/O pins remain inactive until the CAS = “High” irrespective of 
WE. 

If tcacp 2 tcp + tcac + tt, the access time depends upon tcacp. 


trwc, trwo, tawp, tcwo and tprwc are not restrictive operating 
parameters. 


KIO 


{ VALID DATA-} 
QUT 


Figure 3. Read Cycle 
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LH64400 PRELIMINARY CMOS 4M (1M x 4) Dynamic RAM 
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Figure 5. Write Cycle (OE Control) 
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Figure 6. Read/Write Cycle 
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Figure 7. High Speed Page Mode Read Cycle 
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PRELIMINARY CMOS 4M (1M x 4) Dynamic RAM 
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VALID VALID VALID VALID VALID VALID 
DATA- — DATA- DATA- DATA- DATA- DATA- 
OUT 1 IN 1 OUT 2 OUTN INN 


Figure 9. High Speed Page Mode Write Cycle 





CMOS 4M (1M x 4) Dynamic RAM PRELIMINARY LH64400 


| 
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NOTE: OE, Ay- Ag = Don't care 


Figure 12. CAS Before RAS Refresh Cycle 
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LH64400 


ORDERING INFORMATION 


LH64400 


Device Type 


X 
Package 


PRELIMINARY CMOS 4M (1M x 4) Dynamic RAM 


- ## 
Speed 


|L__1# oo Access Time (ns) 


Blank 20-pin, 300-mil DIP (DIP 20-P-300A) 


K 26-pin, 300-mil SOJ (SOJ26-P-300) 

Z 20-pin, 400-mil ZIP (ZIP 20-P-400) 

S 26-pin TSOP (TSOP26-P-300 type II) Normal bend 
SR 26-pin TSOP (TSOP26-P-300 type II) Reverse bend 


CMOS 4M (1M x 4) Dynamic RAM 





Example: LH64400K-80 (CMOS 4M (1M x 4) Dynamic RAM, 80 ns, 26-pin, 300-mil SOu) 
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GENERAL INFORMATION - 1 


DYNAMIC RAMs - 2 


PSEUDO STATIC RAMs - 3 





STATIC RAMs — 4 | 


EPROMs/OTPROMs — 5 


MASK PROGRAMMABLE ROMS - 6 


FIFO MEMORIES — 7 


FIELD MEMORIES — 8 


~ APPLICATION AND TECHNICAL INFORMATION — 9 


PACKAGING — 10 | 





LHSP832 


CMOS 256K (32K x 8) Pseudo-Static RAM 





FEATURES 
e 32,768 x 8 bit organization 


e Access time: 
120 ns (MAX.) 


e Cycle time: 
190 ns (MIN.) 


e Power consumption: 
Operating: 303 mW 
Standby: 16.5 mW 


e TTL compatible I/O 
e 256 refresh cycle/4 ms 


e Auto refresh is executed by internal 
counter (controlled by OE/RFSH pin) 


e Self refresh is executed by internal timer 
e Single +5 V power supply 


e Package: 
28-pin, 600-mil DIP 
28-pin, 300-mil SK-DIP 
28-pin, 450-mil SOP 


DESCRIPTION 


The LH5P832 is a 256K bit Pseudo Static RAM 
organized as 32,768 x 8 bits. It is fabricated using 
silicon-gate CMOS process technology. 


The LH5P832 uses convenient on-chip refresh cir- 
cuitry with a DRAM memory cell for pseudo static 
operation. This simplifies external clock inputs, while 
providing the same simple, non-multiplexed pinout as 
industry standard SRAMs. Moreover, due to the func- 
tional similarities between PSRAMs and SRAMs, many 
32K x 8 SRAM sockets can be filled with the LH5P832 
with little or no changes. The advantage is the cost 
savings realized with the lower cost PSRAM. 


The LH5P832 PSRAM has the ability to fill the gap 
between DRAM and SRAM by offering low cost, low 
standby power, and a simple interface. 


Three methods of refresh control are provided for 
maximum versatility. A ‘CE-Only’ refresh cycle re- 
freshes the addressed row of memory cells transpar- 
ently. All 256 rows must be refreshed or accessed every 
four milliseconds. ‘Auto Refresh’ automatically cycles 
through a different row on every OE/RFSH clock pulse, 
accomplishing the row refreshes without the need to 
supply row addresses externally. ‘Self Refresh’ further 
simplifies the refresh requirements by eliminating the 
need for address inputs and clock pulses entirely. An 
automatic timer senses time periods when memory 
accesses have ceased, and provides full refresh of all 
rows of memory without any external assistance. 


PIN CONNECTIONS 


28-PIN DIP 
28-PIN SK-DIP 
28-PIN SOP 


~ TOP VIEW 


1 
2 
3 
4 
5 
6 
7 
8 
9 





Figure 1. Pin Connections for DIP, SK-DIP, 
and SOP Packages 
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LH5P832 CMOS 256K (32K x 8) Pseudo-Static RAM 


Vag BIAS-GENERATOR 


ADDRESS COLUMN 
BUFFER 
ae 
65) 
vO 
‘| ROW 


ADDRESS 
BUFFER 
MEMORY 


REFRESH ARRAY 


256 ROWS 
COUNTER 128 COLUMNS 


AUTO-REFRESH ie SELF-REFRESH 
CONTROLLER TIMER 





Figure 2. LH5P832 Block Diagram 


PIN DESCRIPTION | 


[—sigNal__[_—SPINWAWE— 
| RW __| Read/Write input 
OE/RFSH Output Enable/Refresh input 

















[sigvat—[SCPNNAME 
Chip Enable input 
[| GND | Ground 





1/0; - /Og Data inputs and outputs 
Row address inputs 


TRUTH TABLE 





High-Z Operating (Icc) 
Auto Refresh High-Z 





L Self Refresh High-Z Standby 


1. X=HorL 2. OE Pulsewidth<8ps 3. OE Pulsewidth 2 8 ps 


NOTES: 
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CMOS 256K (32K x 8) Pseudo-Static RAM LH5P832 


ABSOLUTE MAXIMUM RATINGS 








[Output short ccuit current | lo [50 ~+| mA 
[Power consumption | Po | 600 


NOTE: 
1. Referenced to GND 







RECOMMENDED OPERATING CONDITIONS (Ta = 0 to +70°C) 


| 5.0 
jinputvotegs | MH 2A ee 8 


a ee ee ee 


Noulcopathanse [RAR | Gm [|e | oF 
[CE OEMFSH | cre | -+| 5 | oF 
Tinputlouiput capacitance | WOr-W0s | Cour | (| 12 ~| oF 





[Operating current | locr [tow t00ne «iY Sima] 
Standby current CE = Vin, OE/RFSH = Vin 
V 


ees 
wwe ea 
Output leakage current | ho | 0VsVoursVoo+03V | 10 
‘Output Low votage | Va [lour-4ma SiS 


NOTES: 
1. The output pins are in high-impedance state. 


Input leakage current 


Self refresh average current CE = Vin, OE/RFSH = Vit 





| 3 | 
be ee 
| 10: 
a 
| 04 


AC TEST CONDITIONS 
PARAMETER 


Input voltage amplitude 0.6 to2.4V 
input riseftalltime | ——=Sns 


Timing reference level 


1TTL gate, C_ = 100 pF 
Output load conditions (Includes scope and jig 
capacitance) 
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LH5P832 CMOS 256K (32K x 8) Pseudo-Static RAM 





AC CHARACTERISTICS 
READ AND WRITE CYCLES "2 (Vcc = 5.0 V + 10%, Ta = 0 to 70°C) 







Random read, write cycle time 





Cc 
Read modify write cycle time 


CE pulse width 
CE precharge time | tp 
Address setup time tas 

Address hold time 

_ Read command hold time 

tc 


Read command setup time trRcs 


S 
w 
> 


CE access time | | tceA | 


| 190 
| 280 
| 120 
| 60 
| ts | OT 
| ta | 30 
=a 
LO 
eee 
OE access time | tora | 
CE to output in Low-Z | tez | 10 | 
OE to output in Low-Z | toz | oOo | 
Output enable from end of write | tz | oOo | 
Chip disable to output in High-Z_ | tcnz | 0 | 
Output disable to output in High-Z | tonxz | Oo | 

| 0 

Pao] 

eel 

| to | 

| 85 


Write enable to output in High-Z tWHZ 


Wri | twHz 
OE setup time | toes 
OE hold time | toEH 

| tort 


OE lead time 
Write command pulse width 


Write command setup time 
Write command hold time 


Data setup time from write 


Data setup time from CE 
Data hold time from write | tpHW 


Data hold time from CE 
Transition time (rise and fall) 
Refresh time interval 








REFRESH CYCLE 


Auto refresh cycle time 
Refresh delay time from CE 
Refresh pulse width (Auto refresh) 


Refresh precharge time 
(Auto refresh) 


CE delay time from refresh active 
(Auto refresh) 


Refresh pulse width (Self refresh) 
CE delay time from refresh 
precharge (Self refresh) 
NOTES: 
1. 


At least 1 ms of pause time after power on should be given for proper device operation. 
CE and OE/RFSH must be fixed at Vin for 1 ms from the Vpp reached to the specified voltage level. 


2. Active output to high-Z and high-Z to output active tests specified for a +500 mV transition 
from steady state levels into the test load. CLoap = 5 pF. 





CMOS 256K (32K x 8) Pseudo-Static RAM LH5P832 


tac 
se 
[=| __ 
Ao-Au vit aporess KX X XXX XXXAAAA AAA 
a a 
tH / 


aaa 
Smeg Vi 
RFSH 
2 eee 


we 
touz 
Vous pecaree= Mer mersied DATA 
to.z 


Figure 3. Read Cycle 
Vin— 


| tac 

i | ———_-- 

Ao Arg YH a oe 
a 









H 
OE/ v,,- 
RFSH. Vi — 


Ve 
vu 


VO, - VO, Via = 
IL — 





Figure 4. Write Cycle 
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LH5P832 CMOS 256K (32K x 8) Pseudo-Static RAM 


tp 
[| _ 
Croores KXX 


: | ceemmmemeees ia Sal 
toes 
es 


OKA or XXX 
torz 





Figure 5. Read/Write Cycle 


[= 
__aporess K XXXKXKXKX Xx 


KKK KIX 
7 < ae’ 


UN Ne 


VO, - VO, Vou 
OL — 





NOTE: Ag - A,4 = Don't care 


Figure 6. CE Only Refresh Cycle 
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CMOS 256K (32K x 8) Pseudo-Static RAM LH5P832 


CE yi 


_OF/ Vin — 
RFSH Vii — 


VO, - Og Vou 
OL — 





NOTE: Ag - Ay4, R/W = Don't care 


Figure 7. Auto Refresh Cycle 


OE/ v,,— 


RFSH Vii — 


VO, - VOg vol 2 


NOTE: Ap - Ay4, R/W = Don't care 





Figure 8. Self Refresh Cycle 


ORDERING INFORMATION 


LH5P832 X 
Device Type Package 


12 120 Access Time (ns) 


Blank 28-pin, 600-mil DIP (DIP28-P-600) 
D 28-pin, 300-mil SKDIP (SKDIP28-P-300) 
N 28-pin, 450-mil SOP (SOP28-P-450) 


CMOS 256K (32K x 8) Pseudo Static RAM 





Example: LH5P832N-12 (CMOS 256K (32K x 8) Pseudo Static RAM, 120 ns, 28-pin, 450-mil SOP) 
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LH5P8128 


CMOS 1M (128K x 8) Pseudo-Static RAM 





FEATURES 
e 131,072 x 8 bit organization 


e Access times (MAX.): 60/80/100 ns 
e Cycle times (MIN.): 100/130/160 ns 


e Power consumption: 
Operating: 572/440/358 mW (MAX.) 
Standby: 275 pW (MAX.) in self-refresh 
mode 


e TTLcompatible /O 


e Available for auto-refresh and 
self-refresh modes 


e 512 refresh cycles/8 ms 


e Compatible with JEDEC standard 1M 
SRAM pinout 


e Packages: 
32-pin, 600-mil DIP 
32-pin, 525-mil SOP 
32-pin, 8 x 20 mm? TSOP (Type I) 
- (normal and reverse bend pins) 


DESCRIPTION 


The LH5P8128 is a 1M bit Pseudo Static RAM 
organized as 131,072 x 8 bits. It is fabricated using 
silicon-gate CMOS process technology. 


APSRAM uses on-chip refresh circuitry with a DRAM 
memory cell for pseudo static operation which elimi- 
nates external clock inputs, while having the same 
pinout as industry standard SRAMs. Moreover, due to 
the functional similarities between PSRAMs and 
SRAMS, existing 128K x 8 SRAM sockets can be filled 
with the LH5P8128 with little or no changes. The 
advantage is the cost savings realized with the lower 
cost PSRAM. 


The LH5P8128 PSRAM has the ability to fill the gap 
between DRAM and SRAM by offering low cost, low 
power standby and a simple interface. 


PIN CONNECTIONS 


32-PIN DIP 
32-PIN SOP 





Figure 1. Pin Connections for DIP and 
SOP Packages 


SHARP 


aw 


CMOS 1M (128K x 8) Pseudo-Static RAM — LH5P8128 


32-PIN TSOP (I) (NORMAL BEND) 32-PIN TSOP (I) (REVERSE BEND) 


ODN OD OH & WwW DD ws 


9 
8 
7 
6 
5 
4 
3 
2 
1 


5P8128-1A 





Figure 2. Pin Connections for TSOP Packages 
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LH5P8128 CMOS 1M (128K x 8) Pseudo-Static RAM 


Vag GENERATOR 


COLUMN 
ADDRESS COLUMN 
BUFFER DECODER 
ROW 
ADDRESS 
BUFFER | 


EXT/INT 
REFRESH ADDRESS il NEEOnER ie OREAAy 
ADDRESS MUX 


COUNTER 


BUFFER 


REFRESH 
TIMER 


NOTE: Pin numbers apply to 32-pin DIP or SOP. 





Figure 3. LH5P8128 Block Diagram 


PIN DESCRIPTION 


signal Pin wane J 
[Ao- Ave | Address input SSS 
RW | ReadWite input 
[OE | Output Enable Input 


ABSOLUTE MAXIMUM RATINGS 





[—siewat__[_____PINNAME 
[_RFSH | Refresh input SSCS 









Applied voltage on any pins -1.0 to +7.0 V 
Operating temperature 0 to +70 °C 
°C 


Storage temperature | |  -55 to +150 
Output short circuit current 


NOTE: 
1. The maximum applicable voltage on any pin with respect to GND. 
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CMOS 1M (128K x 8) Pseudo-Static RAM LH5P8128 





RECOMMENDED OPERATING CONDITIONS (Ta = 0 to +70°C) 
[PARAMETER | SYMBOL [ WN [ TR | WAX | UNT | 


Supply voltage 


Input voltage 












Input capacitance 





Rw, OF al 
[Cece | cus | +s |r 
[_AFSH [Gu [i sr 
Tinputlouiput capacitance | WOo-WOr | Com || 10 | oF 


DC CHARACTERISTICS (Ta =0 to +70°C, Vcc = 5.0 V+ 10%) 
[______PaRAwETER | SYMBOL | _CONDMONS _|-WIN | MAX | UNIT | NOTE 


pT LSP 8128-60 | a 
ee 80 lect tac = tac (MIN) mA | 1,2 


| LH5P8128-10 | | LH5P8128-10 | 
| TTLinput | | TTLinput | 


Standby current 
CMOS Input 


Self-refresh average | TTLInput | | TTLInput | 
Eee ét) 


LH5P8128-10 
OV<Vin<s6.5V 
Input isakege current 0 V on all other test pins 


0V< Vout < Vcc +0.3 V 
I/O leakage current Output in high- 
impedance state 
















Operating current 










ar 
>) 





CPU internal cycle 
average current 










Output LOW voltage 


NOTES: 
The output pins are in high-impedance state 


Icc1 and Icc4 depend on the cycle time 
CE; = Vin, RFSH = Vin 

CE; = Voc - 0.2 V, RFSH = Voc - 0.2 V 
CE1=Vin, RFSH= Vi 

CE) = Vcc - 0.2 V, RFSH = 0.2 V 





OO OS 
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LH5P8128 CMOS 1M (128K x 8) Pseudo-Static RAM 


AC ELECTRICAL CHARACTERISTICS 1:23 (Ta= 0 to +70°C, Vcc = 5.0 V+ 10%) 












































P ARAMETER SYMBOL oe LH5P8128-80 LH5P8128-10 UNIT | NOTE 


Random read, write cycle time 


ea 
Read modify write cycle time kaw | 185 | 

| tce | 60 | 

ce stp 


CE pulse width 10,000 
CE precharge time | 30 | 
Address setup time | tas | OO 
Address hold time | tan | 15 | 
Read command setup time | tres | 0 | 
Read command hold time | tach | 0 | 
CE access time | tcea | 
OE access time | toca | 
CE to output in Low-Z | terz | 20 | 
OE to output in Low-Z | toz | Oo | 
Output enable from end of write | twiz | oO | 
Chip disable to output in High-Z_ | tcnz |” 
Output disable to output in High-Z | tonz | 
Write enable to output inHigh-Z | twuz | | 
OE setup time | toes | 0 | 


OE hold time | torn | 10 | 
Write command pulse width | twee | 30 | 
Write command setup time | twes | 30 | 


Write command hold time 
Data setup time from write | tpsw | 25 | 
Data setup time from CE | tosc | 25 | 
Data hold time from write | toyww | O | 
Data hold time from CE | tpye | O | 
Transition time (rise and fall) | ot | U8 
| trer | 

let 

| 100 


Refresh time interval 
Refresh command hold time 


Auto refresh cycle time | tec |: 100 


Refresh delay time from CE | trrp =| 30 | 
Refresh pulse width 

Refresh precharge time 

(Auto refresh) 


8,000 8,000 


_- 
Oo 
oO 
‘o] 
Oo 


foe) 
© 
© 
2) 


190 


a ae 
In order to initialize the circuit, CE; should be kept at Vin or CE2 
should be kept at Vit for 100 ps after power-up. 

2. AC characteristics are measured at tt = 5 ns. 

3. AC characteristics are measured at the following condition (see 
figure at right). 

4. Address is latched at the negative edge of CE: or at the positive 
edge of CE2. 

5. Measured with a load equivalent to 2TTL + 100 pF. OUTPUT 


6. Data is latched at the positive edge of W/R or at the positive 
edge of CE; or at the negative edge of CEo. 
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CMOS 1M (128K x 8) Pseudo-Static RAM 


ve XXXX “near = 


Op - VO7 


Vin 
RFSH yt 


NOTE: CE, = LOW, CE, = HIGH. 





LH5P8128 


XOX AIX 


[| _VALID-DATAOUTPLT 
VALID-DATA OUTPUT 
| _YAUDDATAOUTPUT 


Figure 4. Read Cycle 
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LH5P8128 CMOS 1M (128K x 8) Pseudo-Static RAM 


Vin— 
Vii — 


Vin— 
Vit — 


Vin— 
Vit —- 


4 
Te 


VO-VO7 vy ‘ DATA INPUT ) 


tep 
ters _| | taHc tarp 


NOTE: CE, =LOW, CE, = HIGH. 





Figure 5. Write Cycle 1 (OE = HIGH) 
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CMOS 1M (128K x 8) Pseudo-Static RAM LH5P8128 


Vin 
Vit — 


Vin— 
Vii - 


Vin- 
Vit — 


anes: 


VALID DATA [ VALIDDATAINPUT. 


| | xX SCECS fe. anny X 


Dout 


rs tarp 





NOTE: CE, =LOW, CE, = HIGH. 


Figure 6. Write Cycle 2 (OE Clock) 
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LH5P8128 CMOS 1M (128K x 8) Pseudo-Static RAM 


eee 
iD OLOCOLOL eee eee 


Vit- 


Vin— 
Vii - 


eae sees 


ast 

Dour V | LL XXX XXX) XXX? 
tep 

aren Ye i, a a a. 


| NOTE: CE, =LOW, CE, = HIGH. 


os 


VO - VO, 


— tow | 
| ce 





Figure 7. Write Cycle 3 (OE = LOW) 
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CMOS 1M (128K x 8) Pseudo-Static RAM LH5P8128 


Vin- 
Vii - 


Vin- 
Vii — 


we" XXXKXD) = agp 


i=: 


» 


| Din ( DATA INPUT 
tonz 
| es ‘: 
XA_Data ourpur 


VAV AV AY, 
Dour v DATA OUTPUT XX x x) 


tep 


Hel bes 
are J a Se. 


NOTE: CE, = LOW, CE, = HIGH. 





Figure 8. Read-Modify-Write Cycle 
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LH5P8128 CMOS 1M (128K x 8) Pseudo-Static RAM 


tac 

“ _— 

i 4 , 

tas | 

(el | IN 

“Yee KXXRXE "BB KXXRKRKRRERKKKERERE 
ae 

a Ee 


a_i trou 


VO, - VO, OPEN 


trp 


tRep 
ce 
os L : 
RFSH yi AF \ LF NN 


NOTE: CE, = LOW, CE, = HIGH. 





Figure 9. CE Only Refresh 


QQ //////// 


LILLLLLLL \\\\\\W 


RFSH 


V/Oy - VO, 





Figure 10. Auto Refresh Cycle 
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CMOS 1M (128K x 8) Pseudo-Static RAM : LH5P8128 


WAX //////// 


LLLLLLLLL \\\\\\N 


RFSH 


VO, - VO, 





Figure 11. Self Refresh Cycle 


ORDERING INFORMATION 


LH5P8128 X 

Device Type Package 
60L 60 
80L 80 Access Time (ns) 
10L 100 


Blank 32-pin, 600-mil DIP (DIP32-P-600) 
N 32-pin, 525-mil SOP (SOP32-P-525) 


T 32-pin, 8 x 20 mm? TSOP(I) (TSOP32-P-0820) 
TR 32-pin, 8 x 20 mm? TSOP(I) Reverse bend (TSOP32-P-0820) 


CMOS 1M (128K x 8) Pseudo-Static RAM 


Example: LH5P8128N-60L (CMOS 1M (128K x 8) Pseudo-Static RAM, 60 ns, 32-pin, 525-mil SOP) 


5P8128-12 





SHARP | 3-19 


GENERAL INFORMATION - 1 


DYNAMIC RAMs - 2 


PSEUDO STATIC RAMs - 3 


STATIC RAMs - 4 





EPROMs/OTPROMs — 5 


MASK PROGRAMMABLE ROMS - 6 | 


FIFO MEMORIES —7 | 


FIELD MEMORIES — 8 | 


APPLICATION AND TECHNICAL INFORMATION — 9 


PACKAGING — 10 





LH5116 


CMOS 16K (2K x 8) Static RAM 





FEATURES 
e 2,048 x 8 bit organization 


e Access time: 
100 ns (MAX.) 


e Power consumption: 
Operating: 220 mW (MAX.) 
Standby: 5.5 wW (MAX.) 


e Single +5 V power supply 
e Fully static operation 

e TTL compatible I/O 

e Three-state outputs 


e Wide temperature range available 
LH5116H: -40 to +85°C 


e Packages: 
24-pin, 600-mil DIP 
24-pin, 300-mil SK-DIP 
24-pin, 450-mil, SOP 


e Compatible with 16K EPROM and mask 
ROM pinout 


SHARP 


DESCRIPTION 


The LH5116 is a static RAM organized as 2,048 x 8 
bits. It is fabricated using silicon-gate CMOS process 
technology. It features high speed access in read mode 
using output enable (toe). 


PIN CONNECTIONS 


24-PIN DIP TOP VIEW 
24-PIN SK-DIP 
24-PIN SOP 


1 
2 
13 
4 
5 
6 
7 
8 
9 





Figure 1. Pin Connections for DIP, SK-DIP, 
and SOP Packages 
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LH5116 | CMOS 16K (2K x 8) Static RAM 


MEMORY CELL 
ARRAY 
(128 x128) 


ROW ADDRESS 
BUFFERS 
ROW DECODERS 


VO CIRCUIT 


| COLUMN DECODERS 
| COLUMN ADDRESS 
BUFFERS 


J 
oO 
x 
- 
=z 
QO 
oO 
< 
f= 
< 
Q 





Figure 2. LH5116 Block Diagram 


PIN DESCRIPTION 


[sigNAL_[PINNANE = 
[GE [Output Enable input 
[WE [Write Enabie input = 


TRUTH TABLE 








SIGNAL [| ____—PINNAME 
VO; - Og Data input/output 
[Voc ___| Power supply 


Vcc 










Operating (Icc) 


Standby (Isp) 
Operating (Icc) 
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CMOS 16K (2K x 8) Static RAM LH5116 





ABSOLUTE MAXIMUM RATINGS 


PARAMETER SYMBOL UNIT NOTE 


Supply voltage Vec -0.3 to +7.0 
VIN : : 


V 
Input voltage -0.3 to Vcc + 0.3 V 


Operating temperature eee C 
Storage temperature -55 to +150 °C 


NOTES: 
1. The maximum applicable voltage on any pin with respect to GND. 


2. Applied to the LH5116/D/NA 
3. Applied to the LH5116H/HD/HN 


RECOMMENDED OPERATING CONDITIONS * 





Input voltage 





NOTE: 
1. Ta=0 to 70°C (LH5116/D/NA), Ta = -40 to +85°C (LH5116H/HD/HN) 


DC CHARACTERISTICS ' (Vcc = 5 V+ 10%) 













Output "LOW" voltage | Vo | a=-21mA ‘| —*+| «iY oa Pv 
[Output “HIGH? votage | Von | ou=-t0mA——s«d| aa | dP SC 
input leakage current | ul | Ww=0VtoVec [| + 40 pA | 
[output leakage current | ]uo| | CE=Vm,Wo-0VVes | || 10 | wa | 
open euro [fat | Oxptapen GE =o) | [as | a0 mm | 

[toca | Outputs open (OE =Vn) | | 30 | 40 [| ma | 3 
frome | [matic ttee| [et 


NOTES: 

1. Ta=0 to 70°C (LH5116/D/NA), Ta = -40 to +85°C (LH5116H/HD/HN) 
2. CE =0 V;all other input pins = 0 V to Vcc 

3. CE = Vu; all other input pins = Vit to Vin 


4. Ta=25°C 
AC CHARACTERISTICS * 
(1) READ CYCLE (Vcc = 5 V+ 10%) 


Read cycle time 


Address access time 
Chip enable access time 


PARAMETER 


CE Low to output in Low 
Output enable access time 
Output enable Low to output in Low-Z 


Output disable to output in High-Z 
Output hold time 


NOTE: 
1. Active output to high-impedance and high-impedance to output active tests specified for a +500 mV transition 
from steady state levels into the test load. CLoap = 5 pF. 


i -Z 
Chip disable to output in High-Z 
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LH5116 CMOS 16K (2K x 8) Static RAM 





(2) WRITE CYCLE ' (Vcc =5 V+ 10%) 





NOTE: 
1. Ta =0 to +70°C (LH5116/D/NA), Ta = -40 to +85°C (LH5116H/HD/HN) 


2. Active output to high-impedance and high-impedance to output active tests specified for a +500 mV transition 
from steady state levels into the test load. CLoap = 5 pF. 


AC TEST CONDITIONS 
PARAMETER | —*MODE—C—™ 
osvie22V 


Input voltage amplitude 0.8 Vto2.2V 


input risefall time [tons 
Timing reference level 
Output load condition 1TTL + 100 pF 


DATA RETENTION CHARACTERISTICS ! 





Data retention voltage CE = Vecrc - 0.2V 


CE 2 Vccpr - 0.2V, 
Data retention current IccpDR Voecpr = 3.0 V 
Chip disable to data 
retention 


NOTES: 
1. Ta =0 to +70°C (LH5116/D/NA), Ta = -40 to +85°C (LH5116H/HD/HN) 


2. Ta=25°C 
3. trac = Read cycle time 





CAPACITANCE " (f = 1MHz, Ta = 25°C) 


Pinput capacitance [cw | Vw-0V. | +4 SiS) 





Cin 
Input/output 
NOTE: 
1. This parameter is sampled and not production tested. 
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CMOS 16K (2K x 8) Static RAM LH5116 


NOTE: WE = "HIGH" 





SHARP 


Re ey 
ei 


toyz 


to | 


CK _paravauio FH) 
DATA VALID 
LAAN ALLS 


Figure 4. Read Cycle 
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LH5116 CMOS 16K (2K x 8) Static RAM 


twr (NOTE 3) 


ne LLLLLLLLL 


Ve 
NN 


tow 
VANAANAVAAA A - 


PLL II ILL LL 
ton (NOTE 6) 


(7 


_ Pi AVAPAWAWA 
E = "LOW" 
NOTES: ~ 
1. WE must be HIGH when there is a change in Ag - Ajo. 
2. When CE and WE are all LOW at the same time, write occurs during the period twp. 
3. twp is the time from the rise of CE or WE, whichever is first, to the end of the write cycle. 
4. If CE LOW transition occurs at the same time or before WE LOW transition, the outputs will remain high-impedance. 
5. Douz outputs data with the same logic level as the input data of this write cycle. 
6. If CE is LOW during this period, the input/output pin is in the output state. During this state, input 
signals of opposite logic level must not be applied. 





Figure 5. Write Cycle 1 


7. | 
Wi YTF 


—* en 
\ 
a 
VAS SVAAAAANA ee ff 


ITTTTTT TT} wm 
(NOTES 4, 5) 


D € VAZAZV/ 
IN \ AWA AN 
NOTES: 
1. WE must be HIGH when there is a change in Ag - Ajo. 
2. When CE and WE are all LOW at the same time, write occurs during the period twp. 
3. twris the time from the rise of CE or WE, whichever is first, to the end of the write cycle. 
4. If CE LOW transition occurs at the same time or before WE LOW transition, the outputs will remain high-impedance. 
5. Doyrt outputs data with the same logic level as the input data of this write cycle. 
6. If CE is LOW during this period, the input/output pin is in the output state. During this state, input 
signals of opposite logic level must not be applied. 





Figure 6. Write Cycle 2 (Note 1) 





CMOS 16K (2K x 8) Static RAM 


LH5116 





1.1 


1.0 


0.9 


ACCESS TIME tag, tace (RELATIVE VALUE) 


0.8 


4 


25 


20 


15 


10 


AVERAGE SUPPLY CURRENT (mA) 


INPUT VOLTAGE Vj, Vi. (V) 


PBR 
a0) 4.5 5.0 5.5 6.0 


25 

20 

15 

10 

5 5 
Ae) 45 5.0 5.5 6.0 


4 





ACCESS TIME VS. SUPPLY VOLTAGE 


1.1 


ACCESS TIME tag, tace (RELATIVE VALUE) 


1.0 
0.9 
0.8 
0 25 50 75 
SUPPLY VOLTAGE Veg (V) AMBIENT TEMPERATURE T, (°C) 
AVERAGE SUPPLY CURRENT VS. AVERAGE SUPPLY CURRENT VS. 
SUPPLY VOLTAGE AMBIENT TEMPERATURE 


AVERAGE SUPPLY CURRENT Icc (mA) 


0 25 50 75 
SUPPLY VOLTAGE Vcc (V) AMBIENT TEMPERATURE Ta (°C) 
INPUT VOLTAGE VS. 


INPUT VOLTAGE VS. SUPPLY VOLTAGE AMBIENT TEMPERATURE 


INPUT VOLTAGE Vin, Vi. (V) 


SUPPLY VOLTAGE Vcc (V) AMBIENT TEMPERATURE Ta, (°C) 


Figure 7. Electrical Characteristic Curves 
(Vcc = 5 V, Ta = 25°C unless otherwise specified) 


; Pca se TIME VS. AMBIENT TEMPERATURE 


100 


100 





5116-7 
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LH5116 CMOS 16K (2K x 8) Static RAM 


ORDERING INFORMATION (Ta = 0°C to 70°C) 


__LH5116 | - ## 
Device Type Type secs Speed 


bass 10 100 Access Time (ns) 
Blank 24-pin, 600-mil DIP (DIP24-P-600) 
D 24-pin, 300-mil SK-DIP (DIP24-P-300) 
NA 24-pin, 450-mil SOP (SOP24-P-450) 
CMOS 16K (2K x 8) Static RAM 


Example: LH5116NA-10 (CMOS 16K (2K x 8) Static RAM, 100 ns, 24-pin, 450-mil SOP) 





ORDERING INFORMATION (Ta = -40°C to +85°C) 


_LH5116H _ - ## 
Device Type Type arr ale 


arr, 100 Access Time (ns) 

Blank 24-pin, 600-mil DIP (DIP24-P-600) 
D 24-pin, 300-mil SK-DIP (DIP24-P-300) 
N 24-pin, 450-mil SOP (SOP24-P-450) 
CMOS 16K (2K x 8) Static RAM 


Example: LH5116HN-10 (CMOS 16K (2K x 8) Static RAM, 100 ns, 24-pin, 450-mil SOP) 





L H 51 1 6S CMOS 16K (2K x 8) Static RAM 


FEATURES DESCRIPTION 


The LH5116S is a static RAM organized as 2,048 x 8 
bits. It is fabricated using silicon-gate CMOS process 
technology. It operates at a low supply voltage of 
e Access time: 3 V+ 10%. 


1000 ns (MAX.) 





e 2,048 x 8 bit organization 


PIN CONNECTIONS 

e Low power consumption: 
Operating: 33 mW (MAX.) 24-PIN SOP TOP VIEW 
Standby: 3.3 wW (MAX.) 


e Fully static operation 
e Three-state outputs 


e Single +3 V power supply 


1 
2 
3 
4 
5 
6 
7 
8 
9 


e Package: 
24-pin, 450-mil SOP 





Figure 1. Pin Connections for SOP Package 
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LH5116S | CMOS 16K (2K x 8) Static RAM 


MEMORY CELL 
ARRAY 
(128 x128) 


BUFFERS 
ROW DECODERS 


L 


NY 
ae ie 
Cee: Fee ee ae ee 


i 


5 


[ 


ime COLUMN 
VO CIRCUITS ie 


DATA CONTROL 





Figure 2. LH5116S Block Diagram 


PIN DESCRIPTION 


a 
[6E | Output Enable inpat 


TRUTH TABLE 









ee 













Operating (Icc) 


Standby (Iss) 


Operating (Icc) 1 
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CMOS 16K (2K x 8) Static RAM LH5116S 








ABSOLUTE MAXIMUM RATINGS 


[Supply vottage | Voc | 0at0s70 | Vv 
input votage + ~_Ww | 08t0Vocs03 | Vv 


NOTE: 
1. The maximum applicable voltage on any pin with respect to GND. 








RECOMMENDED OPERATING CONDITIONS (Ta = 0 to +50°C) 


Vin 


Input voltage 









[PARAMETER [SYMBOL [ CONDITIONS ‘(| _~MIN. [TYR | MAX | UNIT [NOTE 
Ouiput LOW" voltage | Vo | 'a-21mA iY 

Output "HIGH" voltage | Von | — lon=-10mA  —__| Vec-05 
input leakage current 


VoL 
VOH 
ons 
ae! 
| co 
Operating current 
fnicaranocll — 









Outputs open (OE = Vin) 


CE 2 Vcc - 0.2 V 
Standby current All other input pins = 0 V to Vcc 


NOTES: 
1. CE =O V; all other input pins = 0 V to Vcc 
2. CE = Vi; all other input pins = Vit to Vin 


AC CHARACTERISTICS (Vcc = 3 V + 10%, Ta = 0 to +50°C) 
(1) READ CYCLE 







|Readcycletime | tr | tooo | Os | 
|Address access time | tw | | | t000 |_| 
Chip enable access time 
CE Low to output in Low-Z | teiz | 


Output enable access time 


pT 000 || ors | 

taz | to | | [| ms | 1 | 

| toe | | | too | ns | 

Output enable Low to output in Low-Z | toz | 10 | | | on {| 4 | 
ee a a a 

po fF 4 st 

Ce 







Chip disable to output in High-Z 
Output enable to output in High-Z 


Output hold time 


| tonz 
| ton 
NOTE: 


1. Active output to high-impedance and high-impedance to output active tests specified for a +500 mV transition 
from steady state levels into the test load. CLoap = 5 pF. 
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LH5116S CMOS 16K (2K x 8) Static RAM 





(2) WRITE CYCLE (Vcc =3 V+ 10%, Ta =0 to +50°C) 


tow 


WE Low to output in High-Z 


Data valid to end of write 
Data hold time 
Output active from end of write 


Output enable to output in High-Z 


NOTE: 
1. Active output to high-impedance and high-impedance to output active tests specified for a +500 mV transition 
from steady state levels into the test load. CLoap = 5 pF. 


AC TEST CONDITIONS 


[—PaRawereR [ODE 


DATA RETENTION CHARACTERISTICS (Ta =0 to +50°C) 


Data retention voltage Vecor | CE2Vccpr-0.2 V 


CE = Vccor - 0.2 V, 


Chip disable to data retention 
[Recoveytime | th 


NOTES: 
1. Ta = 25°C 
2. trac = Read cycle time 


Write pulse width 





| tow 
| tw 
| tas 
| WE Low to output in High-Z | tWHZ 
| tow 
| tH 
| tow 
| tone 










CAPACITANCE ! (Ta = 25°C, f = 1MHz) 
| ___PARAMETER | SYMBOL | CONDITIONS | MIN. | TYP | MAX. | UNIT 


Pinput capacitance | Cw | Vweov || +i 7 Fr 
Finpuvioutput capacitance | Gio | Wo-0v |_| | 10 | pF 


NOTE: 
1. This parameter is sampled and not production tested. 
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CMOS 16K (2K x 8) Static RAM LH5116S 





Figure 3. Low Voltage Data Retention 


aes. 
S| an 


touz 


Hf paTavain +) 
DATA VALID 
L\ AN ALLS 


NANIANNNNN 777,07 
ae 7 





NOTE: WE = “HIGH” 


Figure 4. Read Cycle 


SHARP i 4-13 


LH5116S | CMOS 16K (2K x 8) Static RAM 


twr (NOTE 3) 


ne LLLLLLLLL 


Va 
N\: 


tow 
WMRRRRERERERE {/ 


fic L/L LL L/S \\ 
tow tou 


po ore 
oe: 
" IN\ZNLA/NZN 


NOTES: OE = "LOW" 
1. WE must be HIGH when there is a change in Ag - Ajo. 
2. When CE and WE are both LOW at the same time, write occurs during the period twp. 
3. twp is the time from the rise of CE or WE, whichever is first, to the end of the write cycle. 
4. If CE LOW transition occurs at the same time or before WE LOW transition, the output will remain high-impedance. 
5. Dour Outputs data with the same logic level as the input data of this write cycle. 
6. If CE is LOW during this period, the input/output pins are in the output state. During this state, input 
signals of opposite logic level must not be applied. 





Figure 5. Write Cycle 1 


(NOTE 3) 


(| § 


Th TTT 


a a oe 
\ 
= 
(NOTE 5) 
VA ANANSNAA AA fy 


TTTITTTTT) me 1 
(NOTE 4) ton 


(NOTE 6) 
OE 
" \ I\ZNINLN 
NOTES: 


1. WE must be HIGH when there is a change in Ag - Ajo. 

2. When CE and WE are both LOW at the same time, write occurs during the period twp. 

3. twr is the time from the rise of CE or WE, whichever is first, to the end of the write cycle. 

4. If CE LOW transition occurs at the same time or before WE LOW transition, the output will remain high-impedance. 

5. Doyt Outputs data with the same logic level as the input data of this write cycle. 

6. If CE and OE are LOW during this period, the input/output pins are in the output state. During this state, input 
signals of opposite logic level must not be applied. 


Figure 6. Write Cycle 2 
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CMOS 16K (2K x 8) Static RAM LH5116S 


ORDERING INFORMATION 


LH5116S X 
Device Type Package 


10 1000 Access Time (ns) 
N 24-pin, 450-mil SOP (SOP24-P-450) 


CMOS 16K (2K x 8) Static RAM 





Example: LH5116SN-10 (CMOS 16K (2K x 8) Static RAM, 1000 ns, 24-pin, 450-mil SOP) 
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LH511 


CMOS 16K (2K x 8) Static RAM 





FEATURES 


2,048 x 8 bit organization 


Access time: 
100 ns (MAX.) 


Power consumption: 
Operating: 220 mW (MAX.) 
Standby: 5.5 wW (MAX.) 


Single +5 V power supply 
Fully static operation 

TTL compatible I/O 
Three-state outputs 


Wide temperature range available 
LH5117H: -40 to +85°C 


Packages: 
24-pin, 600-mil DIP 
24-pin, 300-mil SK-DIP 
24-pin, 450-mil SOP 
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DESCRIPTION 


The LH5117 is a static RAM organized as 2,048 x 8 
bits. It is fabricated using silicon-gate CMOS process 
technology. 


The chip select input provides high speed access in 
read mode. 


PIN CONNECTIONS 


24-PIN SK-DIP 


24-PIN SOP 


1 
2 
3 
4 
5 
6 
7 
8 
9 





Figure 1. Pin Connections for DIP, SK-DIP, 
and SOP Packages 


SHARP 


CMOS 16K (2K x 8) Static RAM LH5117 


MEMORY CELL 
ARRAY 
(128 x128) 


ROW ADDRESS 
BUFFERS 
ROW DECODERS 


COLUMN 
VO CIRCUIT 


COLUMN DECODERS 
COLUMN ADDRESS 
BUFFERS 


od 
O 
jem 
= 
z 
O 
oO 
< 
- 
< 
QO 





Figure 2. LH5117 Block Diagram 


PIN DESCRIPTION 


[—siewat__ [INNA 
We 






VO; - VOg Data Input/Output 
| Voc ___| Power supply 


Vcc 
[end [Ground 















VO; - /Oe SUPPLY CURRENT NOTE 


Operating (Icc) 
Operating (Icc) 
High-Z Standby (Iss) 





NOTE: 
1. X=HorL 
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LH5117 CMOS 16K (2K x 8) Static RAM 





ABSOLUTE MAXIMUM RATINGS 









Supply voltage da0w70 | Vv | 1 
input voltage daVec+0s| v | 1 | 


Operating temperature | Topr a ul °C a 
| Ese 
Storage temperature -55 to +150 me ae 


NOTES: 

1. The maximum applicable voltage on any pin with respect to GND. 
2. Applied to the LH5117/D/N 

3. Applied to the LH5117H/HD/HN 









RECOMMENDED OPERATING CONDITIONS ' 


|Supply voltage | Voc | 45 | 5.0 | S| 





Jimautvotage | YH _}_22_|_|_Nops 08 | 4 
| Me | 03 | | 


NOTE: 
1. Ta =0 to 70°C (LH5117/D/NA), Ta = -40 to +85°C (LH5117H/HD/HN) 


DC CHARACTERISTICS ' (Vcc = 5 V + 10%) 


[PARAMETER | SYMBOL _| CONDITIONS __[ MIN | TVR | MAX | UNIT | NOTE 


Output "HIGH" voltage | Von | IoH =-1.0 MA 


Input leakage current Vin = 0 V to Vec 


Output leakage current ae A oes 7 hes 


2a 
-_ 

ee ee | 
A 


VoL 
VoH 
| 
| 
= CE > Vcc - 0.2 V, 
NOTES: 


CS > Vcc - 0.2 Vor 
CS <0.2V 
All other input pins = 0 V to Vcc 
1. Ta =0 to 70°C (LH5117/D/N), Ta = -40 to +85°C (LH5117H/HD/HN) 
2. CE =0 V; all other input pins = 0 V to Vcc, outputs open 
3. CE = Vi; all other input pins = Vit to Vin, outputs open 
4. Ta=25°C 














Standby current 


AC CHARACTERISTICS ' 


(1) READ CYCLE (Vcc = 5 V+ 10%) 
[PARAMETER ‘| SYWBOL| WIN | TYR_| MAX | UNIT | NOTE 










Address access time tAA 


pe | 

|Chip enable accesstime ss |_stce | | | 10 |r | 
Chip enable Low to output in Low-Z 
| acs 


Chip select access time tacs 


ea tO 
ar 
Chip select Low to output in Low-Z 
a ae 
ae 
| 10 










Chip enable to output in High-Z 
Chip select to output in High-Z | tsHz | 


Output hold time 
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CMOS 16K (2K x 8) Static RAM LH5117 


(2) WRITE CYCLE ' (Vcc = 5 V + 10%) 





NOTE: 
1. Ta =0 to +70°C (LH5117/D/N), Ta = -40 to +85°C (LH5117H/HD/HN) 


2. Active output to high-impedance and high-impedance to output active tests specified for a +500 mV transition 
from steady state levels into the test load. CLoap = 5 pF. 


AC TEST CONDITIONS 
























Data retention current 


Chip disable to data t 
retention CDR 
1. Ta = 0 to +70°C (LH5117/D/N), Ta = -40 to +85°C (LH5117H/HD/HN) 


PARAMETER SYMBOL CONDITIONS | MIN, =| TYP | MAX. | UNIT NOTE 
Data retention voltage CE 2 Vccrc - 0.2V V 
CE > Vccpr - 0.2, 
IccpR __©S2Vccopr - 0.2 or 
CS < 0.2 V, Vecpr = 3.0 V 
[Recovery time | tw 
NOTES: 
2. Ta = 25°C 
3. trc = Read cycle time 


CAPACITANCE * (f = 1MHz, Ta = 25°C) 


a SL A A aan 


Finpwvowtptcapactance | cw | wo-ov | {| | 10 | oF 


NOTE: 
1. This parameter is sampled and not production tested. 
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LH5117 CMOS 16K (2K x 8) Static RAM 


tou 


tace 


A ie HLAZTLL 


HZ 


am! THT 
iP eae 


sian A Ace cms 
(TT Ty. 


DATA VALID 
eee. ee 


NOTE: WE = "HIGH" 





Figure 3. Read Cycle 


E iumeie unpnmenemod 
ae 


taw twa (NOTE 3) 


ea! Lm 
= 


tow 


LAVA AAA AA { 


PE{f fis i ffi ff 
tow toy (NOTE 5) 


VALVAL\ 
Dn (__peravaun OOK 
NOTES: 


1. WE must be HIGH when there is a change in Ap - Ajo. 

2. When CE, CS and WE are all LOW at the same time, write occurs during the period twp. 

3. twris the time from the rise of CE, CS or WE, whichever is first, to the end of the write cycle. 

4. If CE or CS LOW transition occurs at the same time or before WE LOW transition, the outputs will remain high-impedance. 

5. Dour Outputs data with the same logic level as the input data of this write cycle. 

6. If both CE and CS are LOW during this period, the input/output pins are in the output state. During this state, input 
signals of opposite logic level must not be applied. 





Figure 4. Write Cycle 
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CMOS 16K (2K x 8) Static RAM LH5117 





: ACCESS TIME VS. SUPPLY VOLTAGE , jACCESS TIME VS. AMBIENT TEMPERATURE 
Press F Pam | 
lu Wi 
: : 
$ S$ 
5 4 2 141 
Ee 
4 4 
Lu iu 
c c 
1.0 1.0 
3 3 
3 3 
: : 
= 0.9 — 0.9 
” : ~ 
ty ty 
8 
< 08 < 08 
4.0 45 5.0 5.5 6.0 0 25 50 75 100 
SUPPLY VOLTAGE Voc (V) AMBIENT TEMPERATURE T, (°C) 
AVERAGE SUPPLY CURRENT VS. AVERAGE SUPPLY CURRENT VS. 
; SUPPLY VOLTAGE 5 AMBIENT TEMPERATURE 
5 
<x ~~ 
€ E 
re) bs) 
20 — 20 
= Pa 
roa lu 
ra ia 
= > 
cd 15 O 15 
a 7 
oa QO. 
a ou 
D D 
Lu 
Ww 10 Ww 10 
ra Fa 
c 
> = 
<x < 
5 5 
4.0 45 5.0 5.5 6.0 0 25 50 75 100 
SUPPLY VOLTAGE Voc (V) AMBIENT TEMPERATURE T, (°C) 
INPUT VOLTAGE VS. 


INPUT VOLTAGE VS. SUPPLY VOLTAGE AMBIENT TEMPERATURE 


INPUT VOLTAGE Vij, Vi (V) 
INPUT VOLTAGE Vi, Vi. (V) 





4.0 4.5 5.0 5.5 6.0 


SUPPLY VOLTAGE V¢¢ (V) AMBIENT TEMPERATURE Ta (°C) 
5117-6 


Figure 5. Electrical Characteristic Curves 
(Vcc = 5 V, Ta = 25°C Unless Otherwise Specified) 
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LH5117 CMOS 16K (2K x 8) Static RAM 





Figure 6. Low Voltage Data Retention 


ORDERING INFORMATION (Ta = 0 to +70°C) 


LH5117 X - ## 
Device Type Package Speed 


= 10 100 Access Time (ns) 


Blank 24-pin, 600-mil DIP (DIP24-P-600) 
D 24-pin, 300-mil SK-DIP (DIP24-P-300) 
N 24-pin, 450-mil SOP (SOP24-P-450) 


CMOS 16K (2K x 8) Static RAM 





Example: LH5117N-10 (CMOS 16K (2K x 8) Static RAM, 100 ns, 24-pin, 450-mil SOP) 


ORDERING INFORMATION (Ta = -40 to +85°C) 


LH5117H X - H# 
Device Type Package Speed 


= 10 100 Access Time (ns) 


Blank 24-pin, 600-mil DIP (DIP24-P-600) 
D 24-pin, 300-mil SK-DIP (DIP24-P-300) 
N 24-pin, 450-mil SOP (SOP24-P-450) 


CMOS 16K (2K x 8) Static RAM 


Example: LH5117HN-10 (CMOS 16K (2K x 8) Static RAM, 100 ns, 24-pin, 450-mil SOP) 
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LH5118 


CMOS 16K (2K x 8) Static RAM 





FEATURES 


2,048 x 8 bit organization 


Access time: 
100 ns (MAX.) 


Power consumption: 
Operating: 220 mW (MAX.) 
Standby: 5.5 pW (MAX.) 


Single +5 V power supply 
Fully static operation 

TTL compatible I/O 
Three-state outputs 


Wide temperature range available 
LH5118H: -40 to + 85°C 


Packages: 
24-pin, 600-mil DIP 
24-pin, 300-mil SK-DIP 
24-pin, 450-mil SOP 


SHARP 


DESCRIPTION 


The LH5118 is a static RAM organized as 2,048 x 8 
bits. It is fabricated using silicon-gate CMOS process 
technology. 


The LH5118 accepts two chip-enables. These allow 
data to be held with battery back-up for memory 
expansion (used in systems with multiple memory 
devices). 


Low power mode (Isp) is available with CE; and CE2 
deactivated. 
PIN CONNECTIONS 


24-PIN DIP 
24-PIN SK-DIP 
24-PIN SOP 


TOP VIEW 


1 
2 
3 
4 

5 
6 
7 
8 
9 





Figure 1. Pin Connections for DIP, SK-DIP, 
and SOP Packages 
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LH5118 CMOS 16K (2K x 8) Static RAM 


MEMORY CELL 
ARRAY 
(128 x128) 


ROW ADDRESS 
BUFFERS 
ROW DECODERS 


\/ 


5 
c 
- 
g 
<= 
< 
QO 


|} COLUMN ADDRESS 
BUFFERS 


[LE 





Figure 2. LH5118 Block Diagram 


PIN DESCRIPTION 


sient | —____Pwnawe 
CE2 
CE; 
WE 





SIGNAL 


VO; - /Og Data Input/Output 
Power supply 


Ground 









| CE. | Chip Enable input no. 2 
| CE, Chip Enable input no. 1 
| WE Write Enable input 


TRUTH TABLE 








Dour | _ Operating (lo) 





NOTE: 
1.§ X=HorL 
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CMOS 16K (2K x 8) Static RAM LH5118 





ABSOLUTE MAXIMUM RATINGS 
_——panaweren _[_svweot_[ nang [uw [ note 


[Supply voltage ——*«| Yoo ~~ -0atow70 | V | 1 | 
Input voltage | VIN -0.3 to Vcc + 0.3 5 oe 


Operating temperature Topr 0 to +70 
pula ae 


Storage temperature -55 to +150 


NOTES: 
1. The maximum applicable voltage on any pin with respect to GND. 


2. Applied to the LH5118/D/N 
3. Applied to the LH5118H/HD/HN 







RECOMMENDED OPERATING CONDITIONS ' 
|_ PARAMETER =| SYMBOL {| MIN, | TYP, | = MAX. | UNIT 


Supply voltage | Voc | 4s | 50 | 55 | Vv __ 

oe ee 
Vi Poe |v 

NOTE: 


1. Ta =0 to +70°C (LH5118/D/NA), Ta = -40 to +85°C (LH5118H/HD/HN) 








DC CHARACTERISTICS! (Vcc =5 V+ 10%) 
[|___ PARAMETER _—si|s syMBoL | _—sCONDITIONS ~=—s| =MIN. | Typ | MAX. | UNIT | NOTE 


Output Low" voltage | Vo. | la=2ima | ~~ ~—Sid So] 
crip wat wage [ven [testa [aa fv 
Wweovieves || in 


Operating current Outputs open (WE = Vcc) 
Outputs open (WE = Vin) 


(1) CE2 > Vcc - 0.2 V, and 
(CE, > Vcc - 0.2 Vor 
CE; < 0.2 V) or 
(2) CE; > Vcc - 0.2 V, and 
(CE2 2 Vcc - 0.2 Vor 
CE2 < 0.2 V) 

All other inputs = 0 V to Vcc 
























Standby current 







NOTES: 
1. Ta=0 to +70°C (LH5118/D/N), Ta = -40 to +85°C (LH5118H/HD/HN) 


2. CEo = CE; =0 V; all other input pins = 0 V to Vcc 
3. CE2 = CE: = Vi; all other input pins = Vit to Vin 
4. Ta= 25°C 
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LH5118 CMOS 16K (2K x 8) Static RAM 


AC CHARACTERISTICS ! 
(1) READ CYCLE (Vcc =5 V+ 10%) 





NOTE: 
1. Ta =0 to +70°C (LH5118/D/N), Ta = -40 to +85°C (LH5118H/HD/HN) 
2. Active output to high-impedance and high-impedance to output active tests specified for a +500 mV transition 


from steady state levels into the test load. CLoap = 5 pF. 


AC TEST CONDITIONS 


[PARAMETER | ——SMODE—C*S 
Input voltage amplitude | 0.8 Vto2.2V 


Input reference level 
Output load condition 1TTL + 100 pF 
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CMOS 16K (2K x 8) Static RAM LH5118 





DATA RETENTION CHARACTERISTICS * 


CE; 2 7 0. OV, and 
(CE > 2 Vccpr - 0.2 Vor 
CE2 < 0.2 V) or 
Data retention current CE> > Vecpr - 0.2V, and 


(CE; = Vecpr - 0.2 V or 
CE; < 0.2 V) 
Vecor = 3.0 V 


Chip disable to data t 
aaa COR 


[Recovery ime a 


NOTES: 
1. Ta =0 to +70°C (LH5118/D/N), Ta = -40 to +85°C (LH5118H/HD/HN) 


2. Ta= 25°C 
3. trc = Read cycle time 





CAPACITANCE ! (f = 1MHz, Ta = 25°C) 
Se 


Pinput capacitance | Cw [| Vw-0V 


Input/output 
eee [ee [vey |) | 


NOTE: 
1. This parameter is sampled and not production tested. 






DATA RETENTION MODE 


CE, or CE, 





Figure 3. Low Voltage Data Retention 
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LH5118 CMOS 16K (2K x 8) Static RAM 


ton 


tacee 


i ae AACLLL 


HZ2 


a THT 
ee : 


cal cca a ae 
(/fy VA \\ 


DATA VALID 
eek Oe 


NOTE: WE = "HIGH" 





Figure 4. Read Cycle 


[eerie et ana 
a eee 


ba twr (NOTE 3) 


sai | ss Lm 
y= 


tow 


MERRRRERRERE if 


Dut FITTV T TT TT 
tow tou (NOTE 6) 


VAVAVAVAVAV, 
ae Din (___patavaui OOK 


1. WE must be HIGH when there is a change in Apo - Ajo. 

2. When CE,,CE, and WE are all LOW at the same time, write occurs during the period twp. 

3. twRis the time from the rise of CE,,CE, or WE, whichever is first, to the end of the write cycle. 

4. If CE, or CE, should drop at the same time as WE or later, the output buffer is maintained at high-impedance. 

5. Dour Outputs data with the same logic level as the input data of this write cycle. 

6. If both CE, and CE, are LOW during this period, the input/output pin is in the output condition. During this condition, 
a data input signal with a logic level opposite that of the output is not permitted. 





Figure 5. Write Cycle (Note 1) 
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CMOS 16K (2K x 8) Static RAM LH5118 





sas ACCESS TIME VS. SUPPLY VOLTAGE , pore. TIME VS. AMBIENT TEMPERATURE 


1.1 


owl, 
. 
ome, 


1.0 


os 
= 


ACCESS TIME tag, tog (RELATIVE VALUE) 
° 


0.9 0.9 


ACCESS TIME tag, tog (RELATIVE VALUE) 


= 
a 
inn 
|_| 


0.8 0.8 
4.0 45 6.0 0 25 50 75 100 
SUPPLY VOLTAGE e = AMBIENT TEMPERATURE T, (°C) 
AVERAGE SUPPLY CURRENT VS. AVERAGE SUPPLY CURRENT VS. 
SUPPLY VOLTAGE AMBIENT TEMPERATURE 
25 25 
<= <= 
E E 
8 38 
- 20 , 20 
= = 
Lu Liu 
a a 
ac om 
=] 2 
O 15 O 15 
fi > 
ou Qa 
a. QO. 
— _ 
” ” 
uu 
we 10 Ww 10 
< < 
o fea 
Liu uJ 
> > 
< < 
5 5 
4.0 4.5 5.0 5.5 6.0 O 25 50 75 100 
SUPPLY VOLTAGE Veg¢ (V) AMBIENT TEMPERATURE T, (°C) 
INPUT VOLTAGE VS. 


INPUT VOLTAGE VS. SUPPLY VOLTAGE AMBIENT TEMPERATURE 


INPUT VOLTAGE Vi, Vi (V) 
INPUT VOLTAGE Vi, Vi. (V) 





SUPPLY VOLTAGE Veo (V) AMBIENT TEMPERATURE T, (°C) 
5118-6 


Figure 6. Electrical Characteristic Curves 
(Vcc = 5 V, Ta = 25°C Unless Otherwise Specified) 
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LH5118 CMOS 16K (2K x 8) Static RAM 


ORDERING INFORMATION (Ta = 0 to +70°C) 


LH5118 X - ## 
Device Type Package Speed 


[__ 10 100 Access Time (ns) 


Blank 24-pin, 600-mil DIP (DIP24-P-600) 
D 24-pin, 300-mil SK-DIP (DIP24-P-300) 
N 24-pin, 450-mil SOP (SOP24-P-450) 


CMOS 16K (2K x 8) Static RAM 





Example: LH5118N-10 (CMOS 16K (2K x 8) Static RAM, 100 ns, 24-pin, 450-mil SOP) 


ORDERING INFORMATION (Ta = -40 to +85°C) 


LH5118H X - ## 
Device Type Package Speed 


— 10 100 Access Time (ns) 


Blank 24-pin, 600-mil DIP (DIP24-P-600) 


D 24-pin, 300-mil SK-DIP (DIP24-P-300) 
N 24-pin, 450-mil SOP (SOP24-P-450) 


CMOS 16K (2K x 8) Static RAM 


Example: LH5118HN-10 (CMOS 16K (2K x 8) Static RAM, 100 ns, 24-pin, 450-mil SOP) 
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LH5168 


CMOS 64K (8K x 8) Static Ram 





FEATURES 


8,192 x 8 bit organization 


High speed access time: 
100 ns (MAX.) 


Low power consumption: 
Operating: 
248 mW (MAX.) LH5168/D/N 
275 mW (MAX.) LH5168H/HD/HN 
Standby: 
5.5 wW (MAX.) LH5168/D/N 
16.5 pW (MAX.) LH5168H/HD/HN 


Fully static operation 

Three-state outputs 

Single +5 V power supply 

TTL compatible I/O 

Pin compatible to 64K bit EPROM 


Wide temp. range available 
LH5168H: -40 to +85°C 


Packages: 


28-pin, 600-mil DIP 
28-pin, 300-mil SK-DIP 
28-pin, 450-mil SOP 


SHARP 


DESCRIPTION 


The LH5168 is a static RAM organized as 8,192 x 8 
bits. It is fabricated using silicon-gate CMOS process 
technology. 


The LH5168H is designed for wide temperature 
range from -40 to +85°C. 
PIN CONNECTIONS 


28-PiN DIP 
28-PIN SK-DIP 
28-PIN SOP 


TOP VIEW 


1 
2 
3 
4 
5 
6 
7 
8 





Figure 1. Pin Connections for DIP, SK-DIP, 
and SOP Packages 
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LH5168 CMOS 64K (8K x 8) Static RAM 


MEMORY 
ARRAY 
(256 x 256) 


” oe 
ae Ww 
co 8 
Ow 3 
<u a 
=m > 
o 5 
a cc 





Figure 2. LH5168 Block Diagram 


PIN DESCRIPTION 
[siGNAL_[_—=INNAWE 


Address inputs 
[GE:-CE2 [Chip Enable input 
[OE | Output Enable input 





ae 
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CMOS 64K (8K x 8) Static RAM LH5168 





TRUTH TABLE 











[x | Deselect | Highz | Standby (Ise) [1 
[x [Write [Dw | Operating (loo) | 
Lead [Dour | Operating (loo) [| 
a 3 aa 


Output disable High-Z Operating (icc) 












PARAMETER SYMBOL | RATING | NOTE 


Supply voltage -0.3 to +7.0 a oe 
Input voltage -0.3 to Vcc +0.3 a oe 
Operating temperature Topr 10 to +70 | 


401085 | 0 
Storage temperature -55 to +150 
NOTES: 


1. The maximum applicable voltage on any pin with respect to GND. 
2. LH5168/D/N 
3. LH5168H/HD/HN 





RECOMMENDED OPERATING CONDITIONS (Note 1) 


Supply voltage | Voc | 45 | so | ss |v 


wow votags | WH} _22_}_1Yon+03 |____ 
a ee 





NOTE: 
1. Ta =-10 to +70°C (LH5168/D/N), Ta = -40 to +85°C (LH5168H/HD/HN). 


DC CHARACTERISTICS ' (Vcc = 5 V+ 10%) 
| ___ PARAMETER _—| SYMBOL | —S——SCCONDITIONS ~———s| MIN. | MAX. | UNIT | NOTE | 


input leakage current |_| -Ww=0t0Voo————*«Y~SidY 0] A 
CE, = Vin or CE2 = Vit 
pa leakage Lo or OF = Viy or WE = Vit 
Vvo = Oto Vcc 
CE; = Vit, Vin= Vi_to Vin | tcycLe = 
CE? = Vin, Outputs open 100 ns 


CE; = Vit, VIN = 0.2 Vto rape 
Vcc - 0.2 V ‘O11 
CE2 = Vin, Outputs open me 


| Isat CE; = Vin or CEo = Vit 



















Operating current 


Standby current 


__ CE2<0.2Vor 
CE}, CE2 > Voc - 0.2 V 
NOTES: 


1. Ta =-10 to 70°C (LH5168/D/N), Ta = -40 to +85°C (LH5168H/HD/HN) 
2. LH5168/D/N 
3. LH5168H/HD/HN 


Output voltage 
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LH5168 CMOS 64K (8K x 8) Static RAM 





AC CHARACTERISTICS * 


(1) READ CYCLE (Vcc =5 V+ 10%) 


[Read cycle | tr 
[Address access time ‘| wa 
Chip enable 
access time Eo) 
[Output enable access time | toe _| 

| ton | 


Output hold time 


Chip enable to (CE) 


: | tis 
output in Low- | (CEs) | tz | 


Output enable to input in 
Low-Z 


Chip enable to (CE1) 


| output in High-Z 


tre 
tLz1 
tLz2 
toLz 


Output disable to output in 
High-Z 
NOTE: 
1. Ta =-10 to +70°C (LH5168/D/N), Ta = -40 to +85°C (LH5168H/HD/HN) 


2. Active output to high-impedance and high-impedance to output active tests specified for a +500 mV transition 
from steady state levels into the test load. CLoap = 5 pF. 





(2) WRITE CYCLE (Vcc = 5 V + 10%) 


[ PARAMETER SYMBOL | MIN. | MAX. | UNIT 
Write cycle time | two | 


twc 
Chip enable to end of write tcw 
twz 
















: iw 

: ww 

[Address setuptime ts 
[Write pulse width Ste 
[Wiite recovery time Yt 
[Data valid to end of write | tow 
[Dataholdtime it 
[Output active rom end of wite | tow 
[WE 10 output in Hight 
[OE to ouiputin HighZ =i Sstone 


NOTE: 


1. Active output to high-impedance and high-impedance to output active tests specified for a +500 mV transition 
from steady state levels into the test load. CLoap = 5 pF. 


Address valid to end of write 


AC TEST CONDITIONS 


[_—_raraweren [woe 
input risefalltime [tons —*d 
(OTTL+ Gi = 100 pF 










CMOS 64K (8K x 8) Static RAM LH5168 





CAPACITANCE ! (Ta = 25°C, f = 1MHz) 
| ____PARAMETER ~—| “SYMBOL | CONDITIONS | MIN. | TYP, | MAX. | UNIT | 


input capacitance (| Cw | Vw-0V | iS 
Tinputioutput capacitance | Gio | Wo-ov | || -+(| 10 | oF 


NOTE: 
1. This parameter is sampled and not production tested. 











DATA RETENTION CHARACTERISTICS | 


Data retention Lpeticenwweiage «| CE; ae, CRSORVOK eo: 2V 


Data retention current CEo < 0.2 Vor CE}, 





CE2 > Vccpr - 0.2 V 


Chip disable to data retention | ter | —s—iSY 


NOTES: 
1. Ta =-10 to +70°C (LH5168/D/N), Ta = -40 to +85°C (LH5168H/HD/HN) 


2. LH5168/D/N at Ta s 70°C 
3. LH5168H/HD/HN at Ta < 85°C 
4. trc = Read cycle time 





CE, CONTROL (NOTE) DATA RETENTION MODE 


CE, 2 Veopr -0.2V 


CE, CONTROL 
DATA RETENTION MODE 


Voc 


CE, <0.2V 


NOTE: To control data hold at CE,, fix the input level of CE. between Vocpr to Vecpr-0.2 V or 0 V to 0.2 V 
during the data retention mode. 





Figure 3. Low Voltage Data Retention 
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LH5168 CMOS 64K (8K x 8) Static RAM 


ANNAN a) 7. 


. LIZ. TK | SNANNNNNA 


hize 


eee 
EEE MME 
(0-0 OX ane XH 


NOTE: WE = “HIGH” 





Figure 4. Read Cycle 
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CMOS 64K (8K x 8) Static RAM LH5168 


NYA 


oe (NOTE 4) 


| pe 
mm 
eer a 


MLLLLLLL LL 


& \\\\YAY 


tow 


- 
ALLL MLLLLLLL mean 


(NOTE 3) (NOTE 1) 


Lh MLLLLLLLLL 


VANVANVANVAANAVAVAAN SASL AA 
PELE CL ELPE EPP PPI LP LS 


none /——_—_—_++ _ 
(“orn XXX 


NOTES: 

. The writing occurs during the overlap (twp) of CE, ="LOW", CE, = "HIGH", and WE = "LOW". 

. tow is defined as the time from the last occuring transition, either CE, LOW transition or CE2 HIGH transition, 
to the time when the writing is finished. 

. tas Is defined as the time from address change to writing start. 

. twr is defined as the time from writing finish to address change. 

. If CE, LOW transition or CE, HIGH transition occurs at the same time or after WE LOW transition, the 
output will remain high-impedance. 

. While the I/O pins are in the output state, input signals with the opposite isa: level must not be applied. 





Figure 5. Write Cycle 1 


SHARP 4-37 


LH5168 CMOS 64K (8K x 8) Static RAM 


two 
ee ert 
om te 
a ee 


a ey 
LILI MILLLLL 4 ee 


(NOTE 3) (NOTE 1) 


Wk ITI TTT) 


were) (NOTE 6) 


Dn JR ES} fl 
OT TLFLILI ELIE LILI PPLE ELS \_\ 


tow tou 


on sd 
Dy SOE? (_paravauio i XX 


OE = "LOW" 


NOTES: 

. The writing occurs during the overlap (twp) of CE, ="LOW”", CE, = "HIGH", and WE = "LOW". 

. tow is defined as the time from the last occuring transition, either CE, LOW transition or CE, HIGH transition, 
to the time when the writing is finished. 

. tas is defined as the time from address change to writing start. 

. twris defined as the time from writing finish to address change. ae 

. If CE, LOW transition or CE, HIGH transition occurs at the same time or after WE LOW transition, the 
output will remain high-impedance. a 

. If CE, HIGH transition or CE, LOW transition occurs at the same time or before WE HIGH transition, the 
output will remain high-impedance. 

. While the I/O pins are in the output state, input signals with the opposite logic level must not be applied. 





Figure 6. Write Cycle 2 


ORDERING INFORMATION 


LH5168 X X - H## 
| Device Type Operating Package Speed 
meperaule aaa 10L 100 Access Time (ns) 


Blank 28 pin, 600-mil DIP (DIP 28-P-600) 
D 28-pin, 300-mil SK-DIP (SK-DIP28-P-300) 
N 28-pin, 450-mil SOP (SOP28-P-450) 


Blank -10 to 70°C 
H -40 to +85°C 


CMOS 64K (8K x 8) Static RAM 
Example: LH5168D-10L (CMOS 64K (8K x 8) Static RAM, 100 ns, 28-pin, 300-mil SK-DIP) 
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PRELIMINARY 


L H 51 68S H CMOS 64K (8K x 8) Static Ram 





FEATURES DESCRIPTION 
; eer The LH5168SH is a static RAM organized as 
e 8,192 x 8 bit organization 8,192 x 8 bits. It is fabricated using silicon-gate CMOS 


process technology. 


¢ Access time: It is designed for 2.5 to 5.5 V low voltage operation 


500 ns (MAX. ) and wide temperature range from -40 to +85°C. 
e Low current consumption: PIN CONNECTIONS 
Operating: 50 mA (MAX.) 


Standby: 3 pA (MAX.) 28-PIN SOP TOP VIEW 


e Fully static operation 

e Three-state outputs 

e Single 2.5 to 5.5 V power supply 
e TTLcompatible I/O 


1 
2 
3 
4 
5 
6 
7 
8 


e Wide temp. range 
toprR: -40 to +85°C 


e Package: 
28-pin, 450-mil SOP 





Figure 1. Pin Connections for SOP Package 


SHARP | 439 


LH5168SH 


m) oe 
Oo wi 
Cr 5 
OQ w Oo 
Qk iv 
cL a 
5 

sm > 
o re 

ec 


PRELIMINARY 


MEMORY 
ARRAY 
(256 x 256) 


COLUMN DECODERS 


COLUMN ADDRESS 
BUFFER 





Figure 2. LH5168SH Block Diagram 


PIN DESCRIPTION 


sna NAME 
Ao Ar 
[8E [output Enabie input 






















SIGNAL 


nna 
[enn [Ground 


Non connection 
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CMOS 64K (8K x 8) Static RAM 


CMOS 64K (8K x 8) Static RAM PRELIMINARY LH5168SH 





TRUTH TABLE 






[Voc | 03t0+70 | Vv 
Finpurvotage (| __Ww | 03t0Voow03 | Vv 
[ores | 0 
NOTE: 


1. The maximum applicable voltage on any pin with respect to GND. 







RECOMMENDED OPERATING CONDITIONS (Ta = -40 to +85°C) 
syweoL_| WN | TP | MAX | UNTT_| 


[Supply voltage | Voc | 25 | 30 | ss |v 
es [vn | Veo-02 | ‘| Voovoa | vt 
[wm [03s || o | v_ 


DC CHARACTERISTICS (Ta = -40 to +85°C, Vcc = 2.5 to 5.5 V) 

















ee SS SS:  — — — — ————————————— 


CE, = Vin or CE = Vit 
hai es leakage | Lo | or OE = Vin or WE = Vit 
Vvo = 0 to Vcc 
| CE; = Vit, Vin = Vit to Vi 
Iso CEr=VinorCE2=Vun | | 10 | mA 

























Icc 

Standby current CEo < 0.2 Vor 
CE, CE2>Vcc - 0.2 V 

l= 400 uA 





Output Low voltage 





lou = -400 pA 


Output High voltage 
NOTE: 

1. Tas +70°C 

2. Tas +85°C 
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LH5168SH PRELIMINARY CMOS 64K (8K x 8) Static RAM 





AC CHARACTERISTICS 
(1) READ CYCLE (Ta = -40 to +85°C, Vcc = 2.5 to 5.5 V) 









re rr 


[Readcycle | tee | 500 | tts | 
Address access time | tw | | 500 | | 
Chip enable | (CE) | twces | | 500 || | 
aes ume | (CE) | stacea | | 500 |r | 
Output enable access time | toe | | 100 | ns | 
Output hold time ton | 200 | os 
Chip enableto, =| (CEx)— | tzy | 20 | ts | 
| ze | 200 | Ts | 

Le ae ee ae 

ae ee a 

po | eo | ons | 

ee ae eC 


output in Low-Z (CE2) tLz2 


Output enable to input in Low-Z toLz 


Chip enable to (CE1) | tz, | 
output in High-Z (CE2) 


Output disable to output in High-Z 







o> 
e) 
<= 
N 








PARAMETER 
Write cycle time | two 
Chip enable to end of write 
Address valid to end of write 


Address setup time | tas 
Write pulse width | twee 


Write recovery time 


twc 
tcw 
Data valid to end of write | pw 
Data hold time | tH 





Output active from end of write 
WE to output in High-Z 
OE to output in High-Z 


NOTE: 
1. Active output to high-impedance and high-impedance to output active tests specified for a +500 mV transition 
from steady state levels into the test load. CLoap = 5 pF. 


AC TEST CONDITIONS 


PARAMETER [Ss MODE 
Input voltage amplitude 


Input rise/fall time 


Timing reference level a eee 


Output load conditions No load 


CAPACITANCE (Ta = 25°C, f = 1MHz) 
|___PARAMETER | _SYMBOL_| CONDITIONS | MIN. | TYR | MAX. | UNIT | 


SS TS LLL 


input capacitance [Gn | _Vw-ov [| *4|7~—*dY or 
Finpuvoutput capacitance | co | Wo-ov | | —*'| 10 | Fr 


NOTE: 
This parameter is sampled and not production tested. 















4-42 SHARP 


CMOS 64K (8K x 8) Static RAM PRELIMINARY LH5168SH 





DATA RETENTION CHARACTERISTICS (Ta = -40 to +85°C) 









ES TS TE ES ASN 


Vccor = 3.0 V,_ 
Data retention current ICCDR CE2 < 0.2 Vor CE), pA 
CE2 2 Vccopr - 0.2 V 


Chip disable to data retention | tor | sd 
[Recovery time | tron | 


NOTE: 
1. tac = Read cycle time 






‘CE, CONTROL (NOTE ) DATA RETENTION MODE 


CE, 2 Vocpr -0.2 V 


| CE, CONTROL 
DATA RETENTION MODE 


CE5<0.2V 


NOTE: To control data hold at CE,, fix the input level of CE, between Vocor tO Vecpr -0.2 V or 0 V to 0.2 V 
during the data retention. 





Figure 3. Low Voltage Data Retention 
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LH5168SH PRELIMINARY CMOS 64K (8K x 8) Static RAM 


a ent) dee 


ae 
een (Soe 
: ML. NNNNNNNAT 


tize 


=F een 
<« WW | | 
_ oi) SCE 08 


NOTE: WE = "HIGH" 





Figure 4. Read Cycle 
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CMOS 64K (8K x 8) Static RAM PRELIMINARY LH5168SH 


eee ee 
pene eeresntreiand 
— 

x ee 
Pp) hi 


a ee eo 
ALLL NLL} } AANANANANY 


(NOTE 3) (NOTE 1) 


) NS MLLLLLLLLL 


PEL PLP L PPE PPP LS a é 
Ww H 


ates /-————+ _ 
(—oxnmo ¥XY 


NOTES: 

1. The writing occurs during the overlap (twp) of CE, = "LOW", CE, = "HIGH", and WE = “LOW". 

2. tow is defined as the time from the last occuring transition, either CE, LOW transition or CE, HIGH transition, 
to the time when the writing is finished. 

3. tas is defined as the time from address change to writing start. 

4. twr is defined as the time from writing finish to address change. 

5. If CE, LOW transition or CE, HIGH transition occurs at the same time or after WE LOW transition, the 
output will remain high-impedance. 

6. While the I/O pins are in the output state, input signals with the opposite logic level must not be applied. 





Figure 5. Write Cycle 1 


SHARP 4-45 


LH5168SH PRELIMINARY CMOS 64K (8K x 8) Static RAM 


two 
a 
ee a 


| aan kal 
LLL NLLLLLL LF ac 


(NOTE 3) (NOTE 1) 


Lh WLLLLLLLL 


(NOTE 5) (NOTE 6) 


D VLAANNAANANANANSNANAAN AAV AN AA 
OT CLISIIL III IIIT LS 


tow tou 


NOTE 7 =a 
Dy SOE? {_Patavau XX 


OE = "LOW" 


NOTES: 
1. The writing occurs during the overlap (twp) of CE, ="LOW", CEp = "HIGH", and WE = "LOW". 
2. tow is defined as the time from the last occuring transition, either CE, LOW transition or CE, HIGH transition, 
to the time when the writing is finished. 
. tas is defined as the time from address change to writing start. 
. twr is defined as the time from writing finish to address change. oer 
. If CE, LOW transition or CE, HIGH transition occurs at the same time or after WE LOW transition, the 
output will remain high-impedance. oa 
. If CE, HIGH transition or CE, LOW transition occurs at the same time or before WE HIGH transition, the 
output will remain high-impedance. 
. While the I/O pins are in the output state, input signals with the opposite logic level must not be applied. 





Figure 6. Write Cycle 2 


ORDERING INFORMATION 


LH5168 N 
Device Type Package 


50 500 Access Time (ns) 


28-pin, 450-mil SOP (SOP28-P-450) 


CMOS 64K (8K x 8) Static RAM 


Example: LH5168SHN-50 (CMOS 64K (8K x 8) Static RAM, 500 ns, 28-pin, 450-mil SOP) 
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LH51256 


CMOS 256K (32K x 8) Static RAM 





FEATURES 


32,768 x 8 bit organization 


Access times: 
100/120 ns (MAX.) 


Power consumption: 
Operating: 248 mW (MAX.) 
(TA = -40 to 85°C, minimum cycle) 
Standby: 16.5 pW (MAX,) 
(TA = 0 to 60°C) 


Fully static operation 

TTL compatible I/O 
Three state outputs 
Single +5 V power supply 


Packages: 
28-pin, 600-mil DIP 
28-pin, 450-mil SOP 


SHARP 





DESCRIPTION 


The LH51256 is a 256K bit static RAM organized as 
32,768 x 8 bits. It is fabricated using silicon-gate CMOS 
process technology. 


PIN CONNECTIONS 


28-PIN DIP 


28-PIN SOP TOP VIEW 


1 
2 
3 
4 
5 
6 
7 
8 
9 


Figure 1. Pin Connections for DIP 
and SOP Packages 


LH51256 CMOS 256K (32K x 8) Static RAM 


MEMORY 
ARRAY 
(512 x 512) 


ROW ADDRESS 
BUFFERS 

ROW ADDRESS 
DECODER 


naam 
hs 
12. 
a 
ae 
a 
ae 


INPUT DATA 
CONTROL CIRCUIT 


I 


COLUMN 
ADDRESS DECODER 





Ag Az Ay Ag Ais Ato 





Figure 2. LH51256 Block Diagram 


PIN DESCRIPTION 


[—SignAL__ [INANE 
Address input 
















[sigNAL[—SPINNAME 
1/0; - VOg Data I/O 
P 






Chip Enable input ower supply 
Write Enable input [eno [Ground SCS 





| OE _|{ Output Enable input 


TRUTH TABLE 










PT TE TL REE ER ETS, AEE TEER TR 


[Hx |X | Nonselected | HighZ| Standby (isa) [1 
tx Wits [Daten | Operating (loc) | 1 
pt Read | Data out | Operating (loc) | 
[tf [A] Output aisabie | HighZ | Operating (loc) | __ 


NOTE: 
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CMOS 256K (32K x 8) Static RAM LH51256 





ABSOLUTE MAXIMUM RATINGS 








Topr 
Tstg 


NOTES: 
1. The maximum applicable voltage on any pin with respect to GND. 


Vcc 
VIN 









RECOMMENDED OPERATING CONDITIONS (Ta = -40 to + 85°C) 


a 
V 


Supply voltage 


cc 
Input voltage ms 
VIL 


i CE = VIL, 
we Outputs open 
a 
Standby current ae 













ES ES 
















CE 2 Vcc - 0.2 V, 
Ta = 0 to +60°C 


CE > Vcc - 0.2 V, 
Ta = -40 to +85°C 


VoL lot = 2.1 mA 
Vor ion = 1.0 mA 


Output voltage 


AC CHARACTERISTICS 
(1) READ CYCLE (Vcc = 5 V+ 10%, Ta = -40 to +85°C) 


PARAMETER SYMBOL ee ON 
premaweren | ie [me a 
[Read cycletime 










Read cycle time 


i trc 
[Address accesstime «dst 
[Output enable time «dite 
[Outputhoidtime ——~—~dtCit 
[OE High to outputin Highz | tow 


NOTE: 
1. Active output to high-impedance and high-impedance to output active tests specified for a +500 mV transition 
from steady state levels into the test load. CLoap = 5 pF. 
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LH51256 CMOS 256K (32K x 8) Static RAM 





2) WRITE CYCLE (Vcc = 5 V+ 10%, Ta = -40 to +85°C) 7 . 


eee sympo. |___LHS1256N-10 | LHS1256N12 | | 
twc 









RR a ee | 


Write cycle time 

CE Low to end of write 
Address valid to end of write 
Address setup time 

Write recovery time 

Write pulse width 

Input data setup time 

Input data hold time 

WE High to output active 
WE Low to output in High-Z 
OE High to output in High-Z 


NOTE: 
1. Active output to high-impedance and high-impedance to output active tests specified for a +500 mV transition 
from steady state levels into the test load. CLoap = 5 pF. 


AC TEST CONDITIONS 














Input voltage amplitude 
Input rise/fall time [  10ns sd 
Timing reference level 


1TTL + Ci = 100 pF 
Output load conditions (Includes scope and jig 
capacitance) 





if 


CAPACITANCE ! (Ta = 25°C, f = 1MHz) 
|_PARAMETER __—|_SYMBOL | CONDITIONS | MIN, | TYP. | MAX. | UNIT _ 


input capacitance | cn | Ww-ov ||| 7 | oF 
Finputioutput eapactance | Gio | Wo-ov | | *| 10 [pF 


NOTE: 
1. This parameter is sampled and not production tested. 





DATA RETENTION CHARACTERISTICS (Ta = -40 to +85°C except as noted) 


[PARAMETER | SvuiboL | CONDOS __[_wiw)_[ WR | WAX | _UNT_| NOTE 
[Data retention voltage | Vocon | GE=Vecon-02V | 20 || |v | 


__Vecpr=3V 
CE 2 Vccor - 0.2V, 













Ta = 0 to +60°C, 
Vin = 0 to Vocpr 






Data retention current 
Vcecpr = 3 V 


CE > Vccor - 0.2V, 
Ta = -40 to +85°C, 
Vin = 0 to Vecpr 








CE setup time 
CE hold time ime | 


NOTE: 
1. trac = Read cycle time 
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CMOS 256K (32K x 8) Static RAM LH51256 


CE 2 Vecor -0.2 V 





Figure 3. Low Voltage Data Retention 
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NOTE: WE = “HIGH” 





Figure 4. Read Cycle 
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LH51256 CMOS 256K (32K x 8) Static RAM 


two 


a, WA 
(i SRR meanest. 
NNANYANN SS 71 77/, 


cies 
| fre 


LANA AANAANAAANAAAN AANA 
PLECL EEE PELE PEL LS 


(NOTE 5) \// 
Dw DATA VALID } 
N 
NOTES: 


1. The write pulse occurs during the overlap (twp) of CE = LOW and WE = LOW. 

2. tcw is defined as the time from the CE low transition to the end of write. 

3. tas is defined as the time from address change to the start of writing. 

4. twr is defined as the time from the end of writing to the address change. 

5. When the I/O pins are in the output state, input signals with the opposite logic level must not be applied. 





Figure 5. Write Cycle 1 (OE Clock) 

















e WC 


adie at (NOTE 4) 
WE NNN KILL LLL. 
(NOTE 6) tow __ (NOTE 7) 
D MERRRRRERERREEEEE | UW 
oy AAAR ARR, tow tou \_\ 









NOTE § 
Dy SES (__paravaun OX 
NOTES: 


1. The write pulse occurs during the overlap (twp) of CE = LOW and WE = LOW. 

2. tow is defined as the time from the CE low transition to the end of write. 

3. tas is defined as the time from address change to the start of writing. 

4. twr fs defined as the time from the end of writing to the address change. 

5. When the I/O pins are in the output state, input signals with the opposite logic level must not be applied. 

6. If CE LOW transition occurs at the same time or after WE LOW W transition, the output will remain high-impedance. 

7. If CE HIGH transition occurs at the same time or prior to the WE HIGH transition, the output will remain high-impedance. 
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Figure 6. Write Cycle 2 (OE Low) 
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CMOS 256K (32K x 8) Static RAM LH51256 





ORDERING INFORMATION 


LH51256 X - ## 
Device Type Package Speed 


10 100 , 
L{19 120 Access Time (ns) 


Blank 28-pin, 600-mil DIP (DIP28-P-600) 
N 28-pin, 450-mil SOP (SOP28-P-450) 


CMOS 256K (32K x 8) Static RAM 


Example: LH51256N-10 (CMOS 256K (32K x 8) Static RAM, 100 ns, 28-pin, 450-mil SOP) 
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LH51256L 


CMOS 256K (32K x 8) Static RAM 





FEATURES 


32,768 x 8 bit organization 


Access times: 
100/120 ns (MAX.) 


‘Power consumption: 


Operating: 248 mW (MAX.) 

(TA = -40 to 85°C, minimum cycle) 
Standby: 5.5 u.W (MAX.) 

(TA = 0 to 60°C) 


Fully static operation 

TTL compatible I/O 

Three state outputs 
Single +5 V power supply 


Packages: 
28-pin, 600-mil DIP 
28-pin, 450-mil SOP 
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DESCRIPTION 


_ The LH51256L is a 256K bit static RAM organized 
as 32,768 x 8 bits which provides low-power standby 
mode. It is fabricated using silicon-gate CMOS process 
technology. 


PIN CONNECTIONS 


28-PIN DIP 
98-PIN SOP TOP VIEW 


1 
2 
3 
4 
5 
6 
7 
8 
9 





Figure 1. Pin Connections for DIP and 
SOP Packages 
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CMOS 256K (32K x 8) Static RAM LH51256L 


MEMORY 
ARRAY 
(512 x 512) 


ROW ADDRESS 
BUFFERS 
ROW ADDRESS 
DECODERS 


COLUMN 
VO 
CIRCUITS 


COLUMN 
ADDRESS DECODER 


oe i 


Ly INI 


INPUT DATA 
CONTROL CIRCUIT 


0 COLUMN ADDRESS 


Ag A2 A, Ao Aiy Ato 





Figure 2. LH51256L Block Diagram 


PIN DESCRIPTION 


a 
WE 
[8E [Output Enable input 


TRUTH TABLE 










SIGNAL 
VO; - /Og Data Input/Output 
Power supply 





Non selected High-Z Standby (Iss) 
Operating (Icc) 


[Read | Dour | Operating (to) 
Output disable High-Z Operating (Icc) 
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LH51256L CMOS 256K (32K x 8) Static RAM 





ABSOLUTE MAXIMUM RATINGS 





input votage «tv (| 03470 | v4 
[Operating temperature | Topr | -d0toves_ | c [ 
[storage temperature | Teg | S8wsis0 | c [| _ 


NOTE: 
1. The maximum applicable voltage on any pin with respect to GND. 









RECOMMENDED OPERATING CONDITIONS (Ta = -40 to +85°C) 
[__Paraweren | svwso._[ WN | TR | WAX | ONT 


|Supply voltage | oo | 45 | OTST 
input votage §— |_ —H _}_22_1_ Vous 93) 4 __ 


a Xe 


DC CHARACTERISTICS (Vcc =5 V+ 10%, Ta = -40 to +85°C) 


Output leakage current eo re 
Operating current Sica 





















| ses | CEM | CT Tt 

Standby current Ta = 0 to +60°C 
aes are Sr 
2 a ae 


CE2Vcc-0.2V 
Ta = -40 to +85°C 


i= 2.1mA 
ion =-1.0 mA 


AC CHARACTERISTICS 
(1) READ CYCLE (Vcc =5 V+ 10%, Ta = -40 to +85°C) 


a 
PARAMETER SYMBOL LH51256/N-10L LH51256/N-12L 


ee ee 

[Address access time ——~«d| twa 
Output enable access time | toe 
[Output hold me Sd ton 
Tou 
a 
one 










Output voltage 














OE Low to output in Low-Z 


E High to output in High-Z 


OE High to output in High-Z 


2) 
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(2) WRITE CYCLE (Vcc = 5 V + 10%, Ta = -40 to +85°C) 


CMOS 256K (32K x 8) Static RAM LH51256L 
eee | ce Ta | a 
UNIT NOTE 
| MIN, =| MAX. [| MIN, | MAX. 













CE Low to end of write 
Address valid to end of write 








i os 
ss 
aoa 
[Write pulse with ‘| we | so | 
input data setup time | tow [30 | 
Finput data hold time | tow | 10 | 
[WE High to output in HighZ [tow [0 [| 










WE Low to output in High-Z 
OE High to output in High-Z 


NOTE: 
1. Active output to high-impedance and high-impedance to output active tests specified for a +500 mV transition 
from steady state levels into the test load. CLoap = 5 pF. 


AC TEST CONDITIONS 


Input voltage amplitude 0.6Vto2.4V 
input risefal time [tons 






Timing reference level 


1TTL + CL = 100 pF 
Output load conditions (Includes scope and jig 
capacitance) 


CAPACITANCE ' (Ta = 25°C, f = 1MHz) 








[_PaRAweTeR | SywBOL_| cONDMmoNs [| MN | TYP | MAX | UNT 


——— ES 


input capacitance | Cn | Vw-ov || +1 7~*(| Fr 
Tinputioutput capacitance | Cio | Worov | | | 10 | pF 


NOTE: 
1. This parameter is sampled and not production tested. 






DATA RETENTION CHARACTERISTICS (Ta = -40 TO +85°C) 
[paramere | S¥WB0L | CONDITIONS | WN | TR | MAX | UNT | NOTE 


[Data retention volage | Vocon | CE=Vecon-02V | 20 | | |v. 


__Vecor = 3.0 V, ' 
CE 2 Vccopr - 0.2 V, 
TA = Oto +60°C, 

Vin = 0 to Vecpr 


__Vecor = 3.0 V 
CE > Vccor - 0.2 V, 

Ta = -40 to +85°C, 
Vin = 0 to Vccpr 



























Data retention current ICCDR 

















CEseuptime | toa | 


NOTE: 
1. tac = Read cycle time 
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LH51256L : CMOS 256K (32K x 8) Static RAM 


CE2Vocpr -0.2 V 





Figure 3. Data Retention Characteristics 


NUN: x LLL LLL 
Le 


toe 


tace tonz 


A ee ee 
Dour LXX_paravauio KKK) 


| NOTE: WE = "HIGH" 


NINN | MITT 
Fite 
a Pa 


tz 





Figure 4. Read Cycle 
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CMOS 256K (32K x 8) Static RAM 


Se ee 
en ey 
i WAY 


ANON 7/7 


NN: an 


VA ANANAANANANAVANAANNAA 
PEEP LP PE LPP PPE ELS 


tow toy 


" (NOTE 5) ———— 
n— DATA VALID aN 


NOTES: 
1. The write pulse occurs during the overlap (twp) of CE = LOW and WE = LOW. 
2. tow is defined as the time from CE LOW transition to the end of writing. 
3. tas is defined as the time from address change to the start of writing. 
4. twr is defined as the time from the end of writing to the address change. 
5. When the I/O pins are in the output state, input signals with the opposite logic level must not be applied. 





Figure 5. Write Cycle 1 (OE Clock) 








ee 
Se a 
«a WA NNN ANN 7/77 







| twa (NOTE 4) 
(NOTE 3) (NOTE 1) 
WE MK RLLLLL LL 
(NOTE 6) ~ (NOTE 7) 
Daur VANANAVV VLA VL LLL YY fl 
PLLIE PIPL E ELL LS \_\ 






tow 


NOTE 5 
Din patavauin = EK 
NOTES: 


1. The write pulse occurs during the overlap (twp) of CE = LOW and WE = LOW. 

2. tow is defined as the time from CE LOW transition to the end of writing. 

3. tas is defined as the time from address change to the start of writing. 

4. twa is defined as the time from the end of writing to the address change. 

5. When the I/O pins are in the output state, input signals with the opposite logic level must not be applied. 

6. If CE LOW transition occurs at the same time or after WE LOW transition, the output will remain high-impedance. 

7. If CE HIGH transition occurs at the same time or prior to the WE HIGH transition, the output will remain high-impedance. ..5.6) « 


tou 






















Figure 6. Write Cycle 2 (OE Low) 





LH51256L 
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LH51256L CMOS 256K (32K x 8) Static RAM 


ORDERING INFORMATION 


LH51256 X - HH 
Device Type Package Speed 


10L 100 . 
ee 120 ACLESS Time (ns) 


Blank 28-pin, 600-mil DIP (DIP28-P-600) 
N 28-pin, 450-mil SOP (SOP28-P-450) 


CMOS 256K (32K x 8) Static RAM, Low-power standby 


Example: LH51256N-10L (CMOS 256K (32K x 8) Static RAM, 100 ns, 28-pin, 450-mil SOP) 
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PRELIMINARY 
LH51 1 000 CMOS 1M (128K x 8) Static RAM 


FEATURES DESCRIPTION 
The LH511000 is a 1M bit static RAM organized as 





e 131,072 x 8 bit organization 131,072 x 8 bits. It is fabricated using silicon-gate 
© Access times: CMOS process technology. 
100/120 ns (MAX. 
: PIN CONNECTIONS 
© Power consumption: 
Operating: 330 mW (MAX.) 32-PIN DIP TOP VIEW 


Standby at Ta = 0 to 70°C Se SOF 
220 uW (MAX.) ("L" version) 
110 pW (MAX.) ("LL" version) 
22 wW (MAX.) ("UL" version) 


e Wide temperature range 
-40 to +85°C 


e Fully static operation 

e TTL compatible I/O 

e Three state outputs 

e Single +5 V power supply 


e Packages: 
32-pin, 600-mil DIP 
32-pin, 525-mil SOP 
32-pin, 8 x 20 mm? TSOP (Type 1) Figure 1. Pin Connections for DIP and 
(normal and reverse bend pins) SOP Packages 





32-PIN TSOP (I) (NORMAL BEND) 32-PIN TSOP (I) (REVERSE BEND) 


oO OND O B&O DM 





Figure 2. Pin Connections for TSOP Packages 
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LH511000 PRELIMINARY CMOS 1M (128K x 8) Static RAM 


MEMORY 
ARRAY 
(512 x 2048) 


ROW ADDRESS 
BUFFERS 

ROW ADDRESS 
DECODER 


COLUMN 
lO 
CIRCUITS 


e 
(a) 
KE 
— 
a 
= 


CONTROL CIRCUIT 


COLUMN 
ADDRESS DECODER 


| UY NIN 





UIP 


COLUMN ADDRESS 
= BUFFERS 


Ay Ag Ato Ary Ag Ag Aya Ais 
NOTE: Pin numbers apply to 32-pin DIP or 32-pin SOP. 





Figure 3. LH511000 Block Diagram 


PIN DESCRIPTION 


[siewat[—~SC*INNAWE 
[WE | Write Enable input 
[_0E [Output Enable input 


TRUTH TABLE 










[SIGNAL 
[GND [Ground SCS 








CMOS 1M (128K x 8) Static RAM PRELIMINARY LH511000 





ABSOLUTE MAXIMUM RATINGS 
[PARAMETER | SYMBOL | RATING | UN | NOTE 


Supply voltage ~~ Voc:~~(| ~.3t0470 | V1 
input voltage =i w | 0Stov70 | v4 
Operating temperature | Topr | -40tosas | co [ — 
[Storage temperature | Teg | ssw+is0 | co | 


NOTE: 
1. The maximum applicable voltage on any pin with respect to GND. 












RECOMMENDED OPERATING CONDITIONS (Ta = -40 to +85°C) 
[PARAMETER | SYMBOL_| MN | TWP | MAX | ONT 


[Supply voltage | co S| 45 | 5.0 | 55 | 
Input votage © ft 22 ____tNoos0.3) ¥ 
a Se 


DC CHARACTERISTICS (Vcc =5 V + 10%, Ta = -40 to +80°C) 


PARAMETER | SYMBOL ro Seen a 


Output 
LOW lo. = 2.0 mA 
voltage 
Output 
HIGH loH =-1.0 MA 2.4 
voltage 
Input 
leakage | tes | Vin = 0 to Vcc 
current 
CE; = Vin or 
CE2 = VIL, 
ilo | or OE = Vin or 
WE = Vit, 
Vvo = 0 to Vcc 


CE; = 
Vin = Vit to Vin 
Icc1 CE2 = Vin, 
Cycle = MIN. 
Outputs open 
be 






























Output 
leakage 
current 










Operating 
current 





CE; <0.2 Vor 
Vcc - 0.2 V 
ines Vin < 0.2 Vor 
Vec - 0.2 V, 
Cycle = 1 MHz, 
Outputs open 


CE; = Vin or 






CE2 = VIL 


CE2< 0.2 Vor 
we cee 





Standby 
current 


NOTES: 

1. Read cycle 

2. Write cycle 

3. Ta=0 to 70°C 

4. Ta =-40 to +85°C 
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LH511000 PRELIMINARY CMOS 1M (128K x 8) Static RAM 


AC CHARACTERISTICS 
(1) READ CYCLE (Vcc =5 V + 10%, Ta = -40 to +85°C) 















Write cycle time 
CE Low to end of write 
twz 


Address valid to end of write 






Address setup time | tas | 
Write recovery time | twR 
Write pulse width | twee 
Input data setup time | tow 
Input data hold time | tpH 
WE High to output in High-Z | tow 
WE Low to output in High-Z | twz 
OE High to output in High-Z 


NOTE: 
1. Active output to high-impedance and high-impedance to output active tests specified for a +500 mV transition 
from steady state levels into the test load. CLoap = 5 pF. 


AC TEST CONDITIONS 
| MODE 


| 0.8 to 2.2 V 


1.5V 


1TTL + 100 pF 
(Includes scope and jig 
capacitance) 
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CMOS 1M (128K x 8) Static RAM PRELIMINARY LH511000 


CAPACITANCE (Ta = 25°C, f = 1MHz) 
[PARAMETER | SYMBOL | CONDITIONS [ WN | WR | WAX | UNT | NOTE 


input capacitance | Gn | Ww-ov || -|e | er | 1 
Tinputioutput capaciance | cro | Wo-ov ||| 10 | pF [1 


NOTE: 
1. This parameter is sampled and not production tested. 






DATA RETENTION CHARACTERISTICS (Ta = -40 to +85°C) 
[PARAMETER | SYMBOL | _____CONDTONS _—_—_—_—+(| WIN | TVR | WAX | UNIT | NOTE 


| Data retention _—=is| retention Vv CE2 <0.2 Vor V 
voltage CCDR CE:, CE2 => Vcc - 0.2 V 


CEo < 0.2 V, 
_ Vec=2Vor 

CE, CE2> Vcc - 0.2 V 
Voc =3 V 


























Data retention 
current 











[CE sctuptine | toon | SSS 
CEhoidime |_| SSS. 


NOTE: 

1. LH511000L 

. LH511000LL 

. LH511000UL 

. tro = Read cycle time 





& WS ND 


tacei 


NNNNNNNANAAANI wh TILL 


tuzs 


; 
ee. ZL oa ANNAN 


ie eee 
of \\\\\\AA fn as 


lonz 


(0-0 OX eames XD 


NOTE: WE = "HIGH" 





Figure 4. Read Cycle 
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LH511000 PRELIMINARY CMOS 1M (128K x 8) Static RAM 


two 
ey 


Ss 
| | pats (NOTE 4) 


=, WO ATT 
rn ne 
TTT AAT ANN 


INN MLLLLLL LL 


(NOTE 5) 
D MERRERREREREEEaameanan 
OT FULL IIL EIST L LL S E LELE L 


to tou 


Ww 
(NOTE 6) | WV 
N DATA VALID vY A 


NOTES: 

1. The writing occurs during the overlap (twp) of CE, ="LOW", CE, = "HIGH", and WE = “LOW". 

2. tcw is defined as the time from the last occuring transition, either CE, LOW transition or CE> HIGH transition, 
to the time when the writing is finished. 

3. tas is defined as the time from address change to writing start. 

4. twp is defined as the time from writing finish to address change. a 

5. If CE, HIGH transition or CE, LOW transition occurs at the same time or before WE HIGH transition, the 
output will remain high-impedance. 

6. While the I/O pins are in the output state, input signals with the opposite logic level must not be applied. 





Figure 5. Write Cycle 1 
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CMOS 1M (128K x 8) Static RAM PRELIMINARY 


two 
earners 


Coe 


MMM 
_aaics ee 
TTT} NNN 


(NOTE 3) (NOTE 1) 


INN MLLLLLLLL 


NUNN 


wae 
D VAN AVANANANANNVANAAAAN AN fl 
OT LLIIJIILIIILEI IIS LLL LL) é A 
low H 


= atm 
Dn —— (_paravau KK X 


OE = "LOW" 


NOTES: 


1. 
2. 


The writing occurs during the overlap (twp) of CE, ="LOW", CE, = "HIGH", and WE = "LOW". 
tow is defined as the time from the last occuring transition, either CE, LOW transition or CE, HIGH transition, 
to the time when the writing is finished. 


. tas is defined as the time from address change to writing start. 
. twr is defined as the time from writing finish to address change. = 
. If CE, LOW transition or CE, HIGH transition occurs at the same time or after WE LOW transition, the 


output will remain high-impedance. 


. If CE, HIGH transition or CE, LOW transition occurs at the same time or before WE HIGH transition, the 


output will remain high-impedance. 


. While the I/O pins are in the output state, input signals with the opposite logic level must not be applied. 





Figure 6. Write Cycle 2 


LH511000 





SHARP 


LH511000 PRELIMINARY CMOS 1M (128K x 8) Static RAM 


ORDERING INFORMATION 


LH511000 X 77 oy 
Device Type Package = Speed — Standby 
a OOM Standby current 
; (Ta = 0 to 70°C) 
UL 4A MAX. 


10 100 


42 120 Access Time (ns) 


Blank 32-pin, 600-mil DIP (DIP32-P-600) 

N 32-pin, 525-mil SOP (SOP32-P-525) 

T 32-pin, 8 x 20 mm? TSOP (TSOP32-P-0820) 

TR 32-pin, 8 x 20 mm? TSOP 
(TSOP32-P-0820) Reverse bend pin 


CMOS 1M (128K x 8) Static RAM 


Example: LH511000N-10LL (CMOS 1M (128K x 8) Static RAM, 100 ns, 20 A standby, 32-pin, 525-mil SOP) 


511000-6 
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LHS5267A 


CMOS 16K x 4 Static RAM 





FEATURES 


e Fast Access Times: 25/35/45 ns 

e Output Enable Control 

e JEDEC Standard 24-Pin, 300-mil DIP 
e Low Power Standby When Deselected 
e TTL Compatible I/O 

e 5V+10% Supply 

e Fully Static Operation 

e Common I/O for Low Pin Count 


FUNCTIONAL DESCRIPTION 


The LH5267A is a high-speed 65,536 bit static RAM 
organized as 16K x 4. Fast, efficient designs are obtained 
with a CMOS periphery and a matrix constructed with 
polysilicon load memory cells. 


__ This RAM is fully static in operation. The Chip Enable 
(E) reduces power when E is inactive (HIGH). Standby 
power drops to its lowest level (IsB1) when E is raised to 
within 0.2 V of Vcc. 


Write cycles occur when both E and Write Enable (W) 
are LOW. Data is transferred from the DQ pins to the 
memory location specified by the 14 address lines. Bus 
contention during Write cycles may be easily avoided by 
using the output enable (G) control. 


SHARP 


When E is LOW and W is HIGH, a static read of the 
memory location specified by the address lines will occur. 
Since the device is fully static in operation, new read 
cycles can be performed by simply changing the address. 
The LH5267A offers an Output Enable (G) control. 


High-frequency design techniques should be em- 
ployed to obtain the best performance from these de- 
vices. Solid, low-impedance power and ground planes, 
with high-frequency decoupling capacitors, are recom- 
mended. Series termination of the inputs should be con- 
sidered when transmission line effects occur. 


PIN CONNECTIONS 


24-PIN DIP TOP VIEW 


1 
2 
3 
4 
5 
6 
7 
8 
9 





Figure 1. Pin Connections for DIP Package 
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LH5267A | CMOS 16K x 4 Static RAM 


MEMORY ARRAY 
(16,384 x 4) 


p LU 
Q 
O 
O 
uu 
(a) 
= 
Oo 
x 


BLOCK COLUMN 
DECODE DECODE 


Ai2 Aix; Ag Az Ag Ato Ag 





Figure 2. LH5267A Block Diagram 


TRUTH TABLE PIN DESCRIPTIONS 


___PIN_| 
Address Inputs 


E | ChipEnable input 
|W | Write Enable input 


















PH H | Read | HighZ | Active 
te | Datain | Active 













Positive Power Supply 


xz 
fl 

Oo 

= | ea 
QO 

2 

o 

i 

i 

Q 
= 

<= 

i 

= 

G) 

a 
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CMOS 16K x 4 Static RAM LH5267A 


ABSOLUTE MAXIMUM RATINGS ! 
[SSOPARAMETER”——“‘is™s—=*dTSCi“‘SORRATINGS 


Vcc to Vss Potential -0.5Vto7V 
Input Voltage Range -0.5 Vto Vcc +0.5V 


DC Output Current 2 +40 mA 


Storage Temperature Range -—65°C to 150°C 
Power Dissipation (Package Limit) 


NOTES: 


1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating for 
transient conditions only. Functional operation of the device at these or any other conditions above those indicated in the “Operating Range” 
of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability. 


2. Outputs should not be shorted for more than 30 seconds. No more than one output should be shorted at any time. 














OPERATING RANGES 


|Ta___| Temperature, ambient | 0 | | 70 | °C_ 
|Voo | Suppyvottage | 45 | | 55 | OV 


Supply Voltage oe 
Logic "0" Input Voltage ' f-0.5 | 
[Min | Logic"t" input Vottage | 22 | 


NOTE: 
1. Negative undershoot of up to 3.0 V is permitted once per cycle. 


DC ELECTRICAL CHARACTERISTICS 
TEST CONDITIONS |_MIn_ | Typ | MAX | UNIT | 


; 1 louT = 0 mA, tcYcLe = tRC or two 
Operating Current E<Vi, G>Viq 
Standby Current E2Vcc-0.2V 


Standby Current 





lo = ~4.0 mA 





NOTE: 
1. Icc is dependent upon output loading and cycle rates. Specified values are with outputs open, operating at specified cycle times. 
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LH5267A CMOS 16K x 4 Static RAM 


AC TEST CONDITIONS 
| ____—=—=—S~PARAMETER | CRATING _| 


Input Pulse Levels Vss to 3 V 
Input Rise and Fall Times | 5ns | 
Input and Output Timing Ref. Levels 


Output Load, Timing Tests 


CAPACITANCE "2 255 OHMS 


Cin (Input Capacitance 6 pF 
Cpa (Input/Output Capacitance) 8 pF 


NOTES: * INCLUDES JIG AND SCOPE CAPACITANCES 

1. Capacitances are maximum values at 25°C measured at 1.0MHz 
with Vgias = 0 V and Vcc = 5.0 V. 

2. Sample tested only. Figure 3. Output Load Circuit 










480 OHMS 


DQ PINS 











AC ELECTRICAL CHARACTERISTICS ! (Over Operating Range) 
U 


SYMBOL DESCRIPTION 


READ CYCLE 


Hi 
=| 
” 






DD 


ead Cycle Timinc 
Address Access Time 
utput Hold from Address Change 
Low to Valid Data 
Low to Output Active >° 
High to Output High-z 2° 
Low to Valid Data 
Low to Output Active 2° 
High to Output High-Z °° 
Low to Power Up Time ° 
High to Power Down Time ° 


RC 


= 


: 


OH 
EA 
ELZ 


o> 


= 


GLZ 


= 
mi 


PU 


WRITE CYCLE 
rite Cycle Time 
Low to End of Write 


Address Valid to End of Write 


= 


515 [siz || [mls 
2. 
54) 
7) 
” 
Y 
Q 
c 


Cc 
tew 
AW 
tas 


= 


dress Hold from W High 
Pulse Width 
nput Data Setup Time 
nput Data Hold Time 


WP 
tpw 


WLZ W High to Output Active 2° 
twHz W Low to Output High-Z *° 7 


NOTES: 
1. AC Electrical Characteristics specified at "AC Test Conditions” levels. 


2. Active output to High-Z and High-Z to output active tests specified for a +500 mV transition from steady state levels into the test load. The test 
load has 5 pF capacitances. 
3. Sample tested only. 
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CMOS 16K x 4 Static RAM LH5267A 





TIMING DIAGRAMS — READ CYCLE Read Cycle No. 2 
Read Cycle No. 1 Chip is inthe Read Mode: Wis HIGH. Timing illustrated 
nea a: = oz forthe case when addresses are valid when E goes LOW. 
Chip is in Read Mode: W is HIGH, E and G are LOW. Data-out becomes valid at tea and may become active as 


Read cycle timing is referenced from when all addresses soon as teLz. Data-out is valid when both tea and taa are 
are stable until the first address transition. met. 


tac 


ADDRESS VALID ADDRESS 


LOX EEEEXKXKD 


Figure 4. Read Cycle No. 1 


tac 


\AAAYAANS _ 





Sy 
be 


TAYATATATL VALID DATA 
SUPPLY | 


CURRENT 





Figure 5. Read Cycle No. 2 
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LH5267A 


CMOS 16K x 4 Static RAM 





TIMING DIAGRAMS — WRITE CYCLE 


Addresses must be stable during Write cycles. E or W 
must be HIGH during address transitions. The outputs will 
remain inthe High-Z state if W is LOW when E goes LOW. 
Care should be taken so that the output drivers are 
disabled prior to placing the Input Data on the DQ lines. 
This will prevent bus contention, reducing system noise. 
Although these timing diagrams assume G is LOW, it is 
recommended that G be kept high during Write cycles to 
insure that the output drivers are disabled. 


ADDRESS 


DQ 


DATA ON 
DQ LINES 


PREVIOUS OUTPUT 





Write Cycle No. 1 (W Controlled) 


Chip is selected: E and G are LOW. Using only W to 
control Write cycles may not offer the best device perfor- 
mance, since both twHz and tpw timing specifications 
must be met. 


Write Cycle No. 2 (E Controlled) 


__ DQ|ines may transition to Low-Z if the falling edge of 
W occurs after the falling edge of E . 


ID ADDRESS 


WM 


LL LV 
LAAA 


HIGH-Z 


Figure 6. Write Cycle No. 1 


ADDRESS 


DQ 


DATA ON 
DQ LINES 


HIGH-Z OUTPUT 


(IF ANY) 





ae 


VALID ADDRESS 


Figure 7. Write Cycle No. 2 
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CMOS 16K x 4 Static RAM LH5267A 





ORDERING INFORMATION 


LH5267A D - ## 
Device Type Package Speed 


25 
35 Access Time (ns) 
45 


24-pin, 300-mil DIP (DIP24-P-300) 
CMOS 16K x 4 Static RAM 


Example: LH5267AD-25 (CMOS 16K x 4 Static RAM, 25 ns, 24-pin, 300-mil DIP) 
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LH52250A 
LH52250AL 


ADVANCE INFORMATION 


CMOS 32K x 8 Static RAM 





FEATURES 


e Access Times: 70/90/100 ns 

e Space Saving 28-Pin, 300-mil DIP 

e Standard 28-Pin, 600-mil DIP 

e Standard 28-Pin, 450-mil SOP Package 


e Automatic Power Down During Long 
Read Cycles 


e Low Power Standby When Deselected 
e TTLCompatible I/O 

e 5 V+ 10% Supply 

e Fully Static Operation 

e 2V Data Retention 


FUNCTIONAL DESCRIPTION 


The LH52250A is a high-density 262,144 bit static 
RAM organized as 32K x8. An efficient design is obtained 
with a CMOS periphery and a matrix constructed with 
polysilicon load memory cells. 


This RAM is fully static in operation. The Chip Enable 
(E) control permits Read and Write operations when 
active (LOW) or places the RAM in a low-power standby 
mode when inactive (HIGH). Standby power (Isp1) drops 
to its lowest level if E is raised to within 0.2 V of Vcc. 


Write cycles occur when both Chip Enable (E) and 
Write Enable (W) are LOW. Data is transferred from the 
DQ pins to the memory location specified by the 15 
address lines. The proper use of the Output Enable 
control (G) can prevent bus contention. 
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When Eis LOW and Wis HIGH, a static Read will occur 
at the memory location specified by the address lines. G 
must be brought LOW to enable the outputs. Since the 
device is fully static in operation, new Read cycles can be 
performed by simply changing the address. An Automatic 
Power Down feature decreases current consumption 
when Read cycles extend beyond their minimum cycle 
time. 


High-frequency design techniques should be em- 
ployed to obtain the best performance from this device. 
Solid, low-impedance power and ground planes, with 
high-frequency decoupling capacitors, are recom- 
mended. Series termination of the inputs should be con- 
sidered when transmission line effects occur. 


PIN CONNECTIONS 


28-PIN DIP 
28-PIN SOP 


TOP VIEW 


1 
2 
3 
4 
5 
6 
7 
8 
9 





Figure 1. Pin Connections for DIP and 
SOP Packages 


CMOS 32K x 8 Static RAM ADVANCE INFORMATION LH52250A/LH52250AL 


MEMORY ARRAY 
(32,768 x 8) 


uJ 
Q 
QO 
e) 
uu 
ra) 
> 
2) 
va 


2 


VO CIRCUIT 
BLOCK COLUMN 
DECODE DECODE 


A1o Ag Ag Ai; Aig Ais 





Figure 2. LH52250A/LH52250AL Block Diagram 


TRUTH TABLE PIN DESCRIPTIONS 

/ PIN. _|_______DESCRIPTION, 
E | Chip Enableinput 
S_| Output Enable input 













Poaiain | Active 
NOTE: 


X = Don't Care, L = LOW, H = HIGH 











Positive Power Supply 
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LH52250A/LH52250AL ADVANCE INFORMATION CMOS 32K x 8 Static RAM 





ABSOLUTE MAXIMUM RATINGS | 


PARAMETER 


|RATING 
Vcc to Vss Potential -O0.5Vto7V 
Input Voltage Range —-0.5Vto Vcc +0.5V 


DC Output Current 


Storage Temperature Range ~65°C to 150°C 
Power Dissipation (Package Limit) 


NOTES: 


1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating for 
transient conditions only. Functional operation of the device at these or any other conditions above those indicated in the "Operating Range" 
of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability. 


2. Outputs should not be shorted for more than 30 seconds. No more than one output should be shorted at any time. 


OPERATING RANGES 
T. 





TA Temperature, Ambient 
Vcc Supply Voltage 


Supply Voltage 





A 
Vcc 
Logic "0" Input Voltage ' 
Logic "1" Input Voltage 


NOTE: 
1. Negative undershoot of up to 3.0 V is permitted once per cycle. 


DC ELECTRICAL CHARACTERISTICS 
|syMBoL | _—PARAMETER | —TESTCONDITIONS _|_MIN | TyP_| MAX | UNIT | 


Operating Current jtac=7ons | 
Operating Current jtac=90ns | 
Operating Current ' trc = 100 ns Ld 








toy | Serer Guren._LHS2250A_ Bs yoo -02V —_ 
ee cS 

[tssa__| StandbyCument EMT 

fie ie! 

Hite 2 

Von 


Input Leakage Current Vin = 0 V to Vcc 
VO Leakage Current VIN = 0 Vto Voc 








I 
ILO 
VOH Output High Voltage loH = -4.0 MA 2.4 | 
Output Low Voltage loL = 8.0 mA = 
Data Retention Voltage E2Vcc-0.2V ee 
Data Retention Current: LH52250A = — 
Veco =3V,E2Vcec-0.2V 
Data Retention Current: LH52250AL Fd 
NOTE: 


1. Icc is dependent upon output loading and cycle rates. Specified values are with outputs open, operating at specified cycle times. 
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CMOS 32K x 8 Static RAM ADVANCE INFORMATION LH52250A/LH52250AL 





AC TEST CONDITIONS 
[PARAMETER |RATING 
input Rise and Fal Times =| 10s 


Input and Output Timing Ref. Levels 
Output Load, Timing Tests 


CAPACITANCE 12 
ee 2 a ee 


NOTE: 


1. Capacitances are maximum values at 25°C measured at 1.0MHz 
with Vgias = 0 V and Vcc = 5.0 V. 
2. Sample tested only. 













DATA RETENTION TIMING 


E must be held above the lesser of Vin or Vcc — 0.2 V 
to assure proper operation when Vcc < 4.5 V. E must be 
Vcc — 0.2 V or greater to meet IDR specification. All other 
inputs are "Don't Care." 


Ons MIN 
Veo 4.5V — 
Vin — 
_ Vor — 
E Vi — 





480 OHMS 


DQ PINS 


255 OHMS 


* INCLUDES JIG AND SCOPE CAPACITANCES 


Figure 3. Output Load Circult 


MIN 


52250A-3 


Figure 4. Data Retention Timing 





SHARP 
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LH52250A/LH52250AL ADVANCE INFORMATION CMOS 32K x 8 Static RAM 


AC ELECTRICAL CHARACTERISTICS ' (Over Operating Range) 


Syacer DESCRITION | EE ee UNITS | 












tRe Read Cycle Time 
Address Access Time 
Output Hold from Address Change 


E Low to Valid Data 


is 


ton 

tea 

E Low to Output Active °° 

!tenz | EHigh to Output High-z 2° 

| tca | GLowto Valid Data 

G Low to Output Active °° 

G High to Output High-z 2° 
tPu E Low to Power Up Time ° 


© 


NS oo SJ SN 
>) ol oO oO 


E High to Power Down Time * 
WRITE 


OQ 


YCLE 
Write Cycle Time 

E Low to End of Write 
Address Valid to End of Write 
Address Setup 

Address Hold from W High 

W Pulse Width 

Input Data Setup Time 

Input Data Hold Time 

W Low to Output High-z 7° 
W High to Output Active 2° 


= 


Cc 


taw 
tas 
TAH 
WP 
Ww 





> | -— 
Oo 


f= hin 
io) 





tWLZ 
NOTES: 
1. AC Electrical Characteristics specified at "AC Test Conditions” levels. 


2. Active output to High-Z and High-Z to output active tests specified for a +200 mV transition from steady state levels into the test load. 
3. Sample tested only. 
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CMOS 32K x 8 Static RAM 


TIMING DIAGRAMS — READ CYCLE 


Read Cycle No. 1 


Chip is in Read Mode: W is HIGH, E is LOW and Gis 
LOW. Read Cycle timing is referenced from when all 
addresses are stable until the first address transition. 
Crosshatched portion of Data Out implies that data lines 
are in the Low-Z state but the data is not guaranteed to 
be valid until taa. 


ADDRESS 


ADVANCE INFORMATION 


LH52250A/LH52250AL 


Read Cycle No. 2 


Chip is in Read Mode: W is HIGH. Timing illustrated 
for the case when addresses are valid before E goes 
LOW. Data Out is not specified to be valid until tea or taa, 
but may become valid as soon as teLz or taLz. Outputs 
will transition directly from High-Z to Valid Data Out. Valid 
Data will be present following taa only if tea timing is met. 


VALID ADDRESS 


XK EN KKKKKY) 


Figure 5. Read Cycle No. 1 


SUPPLY 
CURRENT 





fff fy 
VALID DATA 
LAA AA 





Figure 6. Read Cycle No. 2 





SHARP 
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LH52250A/LH52250AL 


TIMING DIAGRAMS — WRITE CYCLE 


Addresses must be stable during Write Cycles. The 
outputs will remain in the High-Z state if W is LOW when 
E goes LOW. If G is HIGH, the outputs will remain in the 
High-Z state. Although these examples illustrate timing 
with G active, it is recommended that G be held HIGH for 
all Write cycles. This will prevent the LH52250A/ 
LH52250AL’s outputs from becoming active, preventing 
bus contention, thereby reducing system noise. 


ADVANCE INFORMATION 


CMOS 32K x 8 Static RAM 


Write Cycle No. 1 (W Controlled) 


Chip is selected: E is LOW, G is LOW. Using only W 
to control Write Cycles may not offer the best performance 
since both twuz and tow timing specifications must be 
met. 


Write Cycle No. 2 (E Controlled) 


Gis LOW. DQ lines may transition to Low-Z if the falling 
edge of W occurs after the falling edge of E. 


ADDRESS VALID ADDRESS 


NW 


DQ 


DATA ON 
DQ LINES 


PREVIOUS OUTPUT 


HIGH-Z 





INPUT 


Figure 7. Write Cycle No. 1 


ADDRESS ~ 


DQ 


DATA ON 
DQ LINES 


LOW-Z 





es 


VALID ADDRESS 


HIGH-Z 


Figure 8. Write Cycle No. 2 
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CMOS 32K x & Static RAM 


ORDERING INFORMATION 


LH52250A X 
Device Type Package 


Example: LH52250AD-70L (CMOS 32K x 8 Static RAM, Low-power standby, 70 ns, 28-pin, 300-mil DIP) 
52250 


SHARP 


ADVANCE INFORMATION 


- ## X 
Power 


| 


Speed 





LH52250A/LH52250AL 


L Low-power standby 
Blank Standard power 


70 
90 Access Time (ns) 
100 


D 28-pin, 300-mil DIP (DIP28-P-300) 
Blank 28-pin, 600-mil DIP (DIP28-P-600) 
N 28-pin, 450-mil SOP (SOP28-P-450) 


CMOS 32K x 8 Static RAM 


AMD 
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LH52251A 


CMOS 256K x 1 Static RAM 





FEATURES 


e Fast Access Times: 25/35/45 ns 

e Standard 24-Pin, 300-mil DIP 

e Space Saving 24-Pin, 300-mil SOJ 

e JEDEC Standard Pinout 

e Separate Data Input and Output 

e Low Power Standby When Deselected 
e TTLCompatible I/O 

e 5V+10% Supply 

e Fully Static Operation 

e 2V Data Retention 


FUNCTIONAL DESCRIPTION 


The LH52251A is a high-speed 262,144 bit static RAM 
organized as 256K x 1. A fast, efficient design is obtained 
with a CMOS periphery and a matrix constructed with 
polysilicon load memory cells. 


_ This RAM is fully static in operation. The Chip Enable 
(E) reduces power to the chip when E is HIGH. Standby 
power drops to its lowest level (Isp1) if E is raised to within 
0.2 V of Vcc. 


Write cycles occur when both E and Write Enable (W) 
are LOW. Data is transferred from the D pinto the memory 
location specified by the 18 address lines. The Q pin goes 
into a High-Impedance state during Write cycles, allowing 
the user to connect D and Q together if desired. 


When E is LOW and W is HIGH, a static Read of the 
memory location specified by the address lines will occur. 
Since the device is fully static in operation, new Read 
cycles can be performed by simply changing the address. 


High-frequency design techniques should be em- 
ployed to obtain the best performance from this device. 
Solid, low-impedance power and ground planes, with 
high-frequency decoupling capacitors, are recom- 
mended. Series termination of the inputs should be con- 
sidered when transmission line effects occur. 


PIN CONNECTIONS 


24-PIN DIP 
24-PIN SOJ 


1 
2 
3 
4 
5 
6 
7 
8 
9 





Figure 1. Pin Connections for DIP and SOJ 
Packages 


CMOS 256K x 1 Static RAM LH52251A 


MEMORY ARRAY 
(262,144 x 1) 


a | 
Q 
3} 
tu 
oO | 
= 
O 
oc } 


/O CIRCUIT 
i BLOCK COLUMN 
DECODE DECODE 


Ag Az Ag Ais Aig Aig Aro Ag Ais Ayo 





Figure 2. 1LH52251A Block Diagram 


TRUTH TABLE PIN DESCRIPTIONS 

| PIN, | ___DESCRIPTION, 
es 
-Q | Data output 
ee SS 
eo 
[Mss 











Not 
en [ea 


|L[H| Read | 
to. Toe 


NOTE: 
X = Don't Care, L = LOW, H = HIGH 







Write Enable input 
Positive Power Supply 
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LH52251A CMOS 256K x 1 Static RAM 





ABSOLUTE MAXIMUM RATINGS ! 


eee cs canjpummmmanann ate pumummmmmmamaraeitsosttequnaamammtengsecsiemnanimicenes neterteeeneiadmmmmmmsierorscnjaspuamammmnsiceasiauay apaaeamamntaam) 


| RATING 
Vcc to Vss Potential -0.5Vto7V 
Input Voltage Range -0.5Vto Vcc +0.5 V 
DC Output Current ? 














Storage Temperature Range —65°C to 150°C 
Power Dissipation (Package Limit) 10W 
Operating Temperature 0 to 70°C 


NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating for 
transient conditions only. Functional operation of the device at these or any other conditions above those indicated in the “Operating Range” 
of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability. 

2. Output should not be shorted for more than 30 seconds. 


OPERATING RANGES 


| Ta___| Temperature, Ambient | 0 | | 70 
45 
VIL 
1H 


Supply Voltage 
VL Logic "0" Input Voltage | 
Logic "1" Input Voltage 


NOTE: 
1. Negative undershoot of up to 3.0 V is permitted once per cycle. 


DC ELECTRICAL CHARACTERISTICS 
TEST CONDITIONS | MIN | TYP | MAX | UNIT | 


1 Output open, tcycLe = 25 ns 
: 1 Output open, tcYcLe = 35 ns 
Icc1 Operating Current E = Vi, W= Vinor ViL = 
1 Output open, tcycLe = 45 ns 
loci Operating Current E = Vi, W= Vinor Vi. 


tser__| Standby Curent___—| E> Voo-0.2V —_ 
[tsse | Standby Curent | E> Vin min Lec 
[Iu | Vin = 0 V to Voc, Vec = 5.5 V Lee 
| 24 
ca 
| 2 
bee! 














Output Leakage Current aN ‘i V to Vec, Vcc = 5.5 V, 


Output High Voltage 
Output Low Voltage loL = 8.0 mA 







Data Retention Voltage E>Vcc-0.2V 
Data Retention Current Voc = 3 V,E>Vcc—-0.2V 
NOTE: 


1. Icc is dependent upon output loading and cycle rates. Specified values are with output open, operating at specified cycle times. 
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CMOS 256K x 1 Static RAM 


LH52251A 





AC TEST CONDITIONS 











| Input Rise and Fall Times 


I | brs 
Input and Output Timing Reference 
15V 
Levels 


Output Load, Timing Tests 


CAPACITANCE 1:2 
| PARAMETER) ———s|_sCORATING_— 


Cp (Input Capacitance) 
Caq (Output Capacitance) 


NOTES: 


1. Capacitances are maximum values at 25°C measured at 1.0MHz 
with Vgias = 0 V and Vcc = 5.0 V. 


2. Guaranteed but not tested. 


DATA RETENTION TIMING 


E must be held above the lesser of Vin or Vcc — 0.2 V 
to assure proper operation when Vcc < 4.5 V. E must be 
Vcc — 0.2 V or greater to meet IpR specification. All other 
inputs are "Don't Care." 






Ons MIN 





480 OHMS 


Q OUTPUT 


255 OHMS 


* INCLUDES JIG AND SCOPE CAPACITANCES 


Figure 3. Output Load Circuit 





Figure 4. Data Retention Timing 
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LH52251A CMOS 256K x 1 Static RAM 


UNITS 


AC ELECTRICAL CHARACTERISTICS ' (Over Operating Range) 


SYMBOL 


tRc Read Cycle Timing 

Address Access Time 

Output Hold from Address Change 
E Low to Valid Data 

E Low to Output Active 2° 

E High to Output High-z °° 

E Low to Power Up Time ? 


DESCRIPTION 


















ELZ 


— 
Cc 


P 


E High to Power Down Time ° 
WRITE 


2) 


YCLE 
Write Cycle Time 

E Low to End of Write 
Address Valid to End of Write 
Address Setup 

Address Hold 

W Pulse Width 

Input Data Setup Time 

Input Data Hold Time 

W Low to Output High-z 2° 
W High to Output Active 2 


s 


EE) PERE EEE 


S 


<= 


_ 
oOo 
© 
Ol 





tWLz 
NOTES: 
1. AC Electrical Characteristics measurements specified at "AC Test Conditions” levels. 


2. Active output to High-Z and High-Z to active output tests specified for a +200 mV transition from steady state levels into the test load. 
3. Guaranteed but not tested. 


4-88 SHARP 


CMOS 256K x 1 Static RAM 


TIMING DIAGRAMS — READ CYCLE 
Read Cycle No. 1 


Chip is in Read Mode: Wis HIGH, and E is LOW. Read 
cycle timing is referenced from when all addresses are 
stable until the first address transition. Crosshatched 
portion of Q implies that Data Out is in the Low-Z state 
and the data may not be valid. 


LH52251A 


Read Cycle No. 2 


Chip is in Read Mode: W is HIGH. Timing illustrated 
for the case when addresses are valid before E goes 
LOW. Data Out is not specified to be valid until tea, but 
may become valid as soon as teELz. 






Ao - Aiz 


NOTE: E = "LOW", W = "HIGH" 


VALID ADDRESS 





XXX Previous DATA K XK 












\) aD 


52251A-4 


Figure 5. Read Cycle No. 1 


SUPPLY 
CURRENT , 
CCL 


NOTE: E ="HIGH" 


EEK wnioonn 





Figure 6. Read Cycle No. 2 





SHARP 
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LH52251A CMOS 256K x 1 Static RAM 
TIMING DIAGRAMS — WRITE CYCLE Write Cycle No. 2 (E Controlled) | 
Addresses must be stable during Write Cycles. The Data-out may transition to Low-Z if the falling edge of 


output will remain in the High-Z state if Wis LOW when | Woccurs after the falling edge of E. 


E goes LOW. 


Write Cycle No. 1 (W Controlled) 
Chip is selected: E is LOW. 


NOTE: E = "LOW" 
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VALID ADDRESS 


IN: 


twiz 


XO 


[\ 


Figure 7. Write Cycle No. 1 


twe 


VALID ADDRESS 


IMM 


INPUT DATA 


OY) 


Figure 8. Write Cycle No. 2 


CMOS 256K x 1 Static RAM LH52251A 


ORDERING INFORMATION 


LH52251A X 
Device Type Package 


35 Access Time (ns) 
45 


D 24-pin, 300-mil DIP (DIP24-P-300) 
K 24-pin, 300-mil SOJ (SOJ24-P-300) 


CMOS 256K x 1 Static RAM 


Example: LH52251AD-25 (CMOS 256K x 1 Static RAM, 25 ns, 24-pin, 300-mil DIP) 
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LH52252A 


CMOS 64K x 4 Static RAM 





FEATURES 


e Fast Access Times: 25/35/45 ns 

e Standard 24-Pin, 300-mil DIP 

e Space Saving 24-Pin, 300-mil SOJ 

e JEDEC Standard Pinouts 

e Low Power Standby When Deselected 
e TTLCompatible /O 

e 5V+10% Supply 

e Fully Static Operation 

e Common I/O for Low Pin Count 


FUNCTIONAL DESCRIPTION 


The LH52252A is a high-speed 262,144 bit static RAM 
organized as 64K x 4. A fast, efficient design is obtained 
with a CMOS periphery and a matrix constructed with 
polysilicon load memory cells. 


This RAM is fully static in operation. The Chip Enable 
(E) reduces power to the chip when E is HIGH. Standby 
power (Isp1) drops to its lowest level when E is raised to 
within 0.2 V of Vcc. 


Write cycles occur when both E and Write Enable (W) 
are LOW. Data is transferred from the DQ pins to the 
memory location specified by the 16 address lines. 
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Read cycles occur when E is LOW and W is HIGH. A 
Read cycle will begin upon an address transition, on a 
falling edge of E, or on a rising edge of W. 


High-frequency design techniques should be em- 
ployed to obtain the best performance from this device. 
Solid, low-impedance power and ground planes, with 
high-frequency decoupling capacitors, are recom- 
mended. Series termination of the inputs should be con- 
sidered when transmission line effects occur. 


PIN CONNECTIONS 


24-PIN DIP 
24-PIN SOJ 


1 
2 
3 
4 
5 
6 
7 
8 
9 





Figure 1. Pin Connections for DIP and 
SOJ Packages 


SHARP 


CMOS 64K x 4 Static RAM 


a 
Q 
8 | 
iL) 
Q | 
= 
O 
oc 


LH52252A 


MEMORY ARRAY 
(65,536 x 4) 


= VO CIRCUIT 
: BLOCK COLUMN 
DECODE DECODE 


Az As As Ai2 Ay A1o Ag Ag 





Figure 2. LH52252A Block Diagram 


TRUTH TABLE 
(PE [Ww] moe | pa || te 


Read Data Out | Active 
L | t [write | Datain_| Active 


NOTE: 
X = Don't, Care, L = LOW, H = HIGH 

















PIN DESCRIPTIONS | 
| PIN, | DESCRIPTION, 


DQ - DOs 
-E_| Chip Enable input 
















SHARP 
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LH52252A | CMOS 64K x 4 Static RAM 








ABSOLUTE MAXIMUM RATINGS ! 
Power Dissipation (Package Limit) 


NOTES: 


1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating for 
transient conditions only. Functional operation of the device at these or any other conditions above those indicated in the "Operating Range" 
of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability. 


2. Outputs should not be shorted for more than 30 seconds. No more than one output should be shorted at any time. 


OPERATING RANGES 


SYMBOL PARAMETER 


Temperature, Ambient 


Vcc Supply Voltage 4.5 


TA 
Vcc 


Logic "1" Input Voltage 





NOTE: 
1. Negative undershoot of up to 3.0 V is permitted once per cycle. 


DC ELECTRICAL CHARACTERISTICS 


| locs | Operating Current! | Outputsopen.tac=25ns |_| 
[lccs__| Operating Current ' | Outputs open,trc=35ns | 
| lcci | Operating Curent | Outputs open, tac=45ns | 
| Standby Current | E2Vec-02V | 

een 

2 
















[iser | 
[ssa | Standby Curent | E2Vin 
NOTE: 


1. Icc is dependent upon output loading and cycle rates. Specified values are with outputs open, operating at specified cycle times. 
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CMOS 64K x 4 Static RAM LH52252A 


AC TEST CONDITIONS 









| PARAMETER __|__RATING _| 

| Input Rise and FallTimes | Sins 490 OHMS 
CAPACITANCE 1? 

| PARAMETER |__RATING _ 

= 

* INCLUDES JIG AND SCOPE CAPACITANCES | 
NOTES: 

1. Capacitances are maximum values at 25°C measured at 1.0MHz Figure 3. Output Load Circult 


with Vpias = 0 V and Vcc = 5.0 V. 
2. Sample tested only. 


AC ELECTRICAL CHARACTERISTICS ' (Over Operating Range) 





SYMBOL 














Read Cycle Timing 

Address Access Time 

Output Hold from Address Change 
E Low to Valid Data 

E Low to Output Active ° 

E High to Output High-z 2° 

E Low to Power Up Time 4 


tRC 


OH 


o> 


ELZ 


PU 


ary 
N 


E High to Power Down Time 4 
WRITE 


'F) 


YCLE 
Write Cycle Time 
E Low to End of Write 
taw Address Valid to End of Write 
tas Address Setup 
Address Hold from W High 

P W Pulse Width 
tpw Input Data Setup Time 
Input Data Hold Time 
W Low to Output High- 
W High to Output Active ° 


WC 









i 


7 2,3 


or 


omg GW io) 
=) Ol o1 


ot GQ | @ 
Oo o};}o 





tWLz 
NOTES: 
1. AC Electrical Characteristics specified at "AC Test Conditions” levels. 

2. Active output to High-Z and High-Z to output active tests specified for a +200 mV transition from steady state levels into the test load. 
3. Sample tested only. 

4. Guaranteed but not tested. 
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LH52252A CMOS 64K x 4 Static RAM 


TIMING DIAGRAMS — READ CYCLE Read Cycle No. 2 
Read Cycle No. 1 : . is in isis pre W is aa mony eee 
ee <=: =. orthe case when addresses are valid while E goes : 

Chip is in Read Mode: W is HIGH, andEisLOW. Read =— ata Out is not specified to be valid until tea, but may 

cycle timing is referenced from when all addresses are become valid as soon as teLz. Outputs will transition from 

stable until the first address transition. Crosshatched High-Z to Valid Data Out 

portion of DQ implies that data lines are inthe Low-Z state 

and the data may not be valid. 


XXX PREwous DATA XK IK 


Figure 4. Read Cycle No. 1 


tea 
a y 
Cif £¥ — vaLip DATA 





LAA AA 


SUPPLY 
CURRENT 





Figure 5. Read Cycle No. 2 
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CMOS 64K x 4 Static RAM 


LH52252A 





TIMING DIAGRAMS — WRITE CYCLE 


Addresses must be stable during Write cycles. E or W 
must be high during address transitions. The outputs will 
remain in the High-Z state if W is LOW when E goes LOW. 
Care should be taken so that the output drivers are 
disabled prior to placing the Input Data on the DQ lines. 
This will prevent bus contention, reducing system noise. 


ADDRESS 


DQ 


DATA ON 
DQ LINES 


PREVIOUS OUTPUT 


Write Cycle No. 1 (W Controlled) 


Chip is selected: E is LOW. Using only W to control 
Write cycles may not offer the best device performance, 
since both twuz and tow timing specifications must be 
met. 


Write Cycle No. 2 (E Controlled) 


__ DQlines may transition to Low-Z if the falling edge of 
W occurs after the falling edge of E. 


MAY, 
\\ 


HIGH-Z 


VALID ADDRESS 


ADDRESS 


DQ 


DATA ON 
DQ LINES 


OUTPUT 
(IF ANY) 





Figure 7. Write Cycle No. 2 


SHARP 
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LH52252A CMOS 64K x 4 Static RAM 





ORDERING INFORMATION 


LH52252A 
Device Type 


Access Time (ns) 


D 24-pin, 300-mil DIP (DIP24-P-300) 
K 24-pin, 300-mil SOJ (SOQJ24-P-300) 


CMOS 64K x 4 Static RAM 


Example: LH52252AD-35 (CMOS 64K x 4 Static RAM, 35 ns, 24-pin, 300-mil DIP) 
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LH52252B 


ADVANCE INFORMATION 
CMOS 64K x 4 Static RAM 





FEATURES 


e Fast Access Times: 15/20/25 ns 

e Standard 24-Pin, 300-mil DIP 

e Space Saving 24-Pin, 300-mil SOJ 

e JEDEC Standard Pinouts 

e Low Power Standby When Deselected 
e TTLCompatible I/O 

e 5V+10% Supply 

e Fully Static Operation 

e Common I/O for Low Pin Count 


FUNCTIONAL DESCRIPTION 


The LH52252B is a high-speed 262,144 bit static RAM 
organized as 64K x 4. A fast, efficient design is obtained 
with a CMOS periphery and a matrix constructed with 
polysilicon load memory cells. 


_ This RAM is fully static in operation. The Chip Enable 
(E) reduces power to the chip when E is HIGH. Standby 
power (lsB1) drops to its lowest level when E is raised to 
within 0.2 V of Vcc. 


Write cycles occur when both E and Write Enable (W) 
are LOW. Data is transferred from the DQ pins to the 
memory location specified by the 16 address lines. 


SHARP 


Read cycles occur when E is LOW and Wis HIGH. A 
Read cycle will begin upon an address transition, on a 
falling edge of E, or on a rising edge of W. 


High-frequency design techniques should be em- 
ployed to obtain the best performance from this device. 
Solid, low-impedance power and ground planes, with 
high-frequency decoupling capacitors, are recom- 
mended. Series termination of the inputs should be con- 
sidered when transmission line effects occur. 


PIN CONNECTIONS 


24-PIN DIP 
24-PIN SOJ 


4 
2 
3 
4 
5 
6 

7 
8 
9 





Figure 1. Pin Connections for DIP and SOJ 
Packages 


4-99 


LH52252B 


mH 
ra) 
8 
uu 
ra) 
= 
,e) 
re 


ADVANCE INFORMATION 


CMOS 64K x 4 Static RAM 


MEMORY ARRAY 
(65,536 x 4) 


= VO CIRCUIT 
é BLOCK COLUMN 
DECODE DECODE 





Figure 2. LH52252B Block Diagram 


TRUTH TABLE 





pt} | wrte | Datain_ | Active 


NOTE: 
X = Don’t Care, L = LOW, H = HIGH 
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PIN DESCRIPTIONS 

[pn [CESCRIPTION 
| Ao-Ars | Address inputs 
-E | Chip Enable input 












CMOS 64K x 4 Static RAM ADVANCE INFORMATION LH52252B 





ABSOLUTE MAXIMUM RATINGS * 
[PARAMETER ——i‘édT=S RATING si 


NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating for 
transient conditions only. Functional operation of the device at these or any other conditions above those indicated in the “Operating Range” 
of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability. 


2. Outputs should not be shorted for more than 30 seconds. No more than one output should be shorted at any time. 












OPERATING RANGES 
| SYMBOL | ____ PARAMETER | MIN | TYP | MAX | _UNIT_ 


|Vec | Suppyvotage | 45 | | 55 | CV 
|Vss__| Supply Voltage | 0 | | | 
Logic“0" Input Votage' |-05| = | 08 | OV 
Logic “1” Input Voltage Peo. 

1. Negative undershoot of up to 3.0 V is permitted once per cycle. 


NOTE: 
DC ELECTRICAL CHARACTERISTICS 


| SYMBOL | ___PARAMETER __—|_——TESTCONDITIONS —_—_|_MIN_| TYP | MAX | _U 


Operating Curent’ | Outputs open tovre=15ns_| | 

lcc1 | Operating Current! | Outputs open,tovere=20ns_ | | 

loot | Operating Current! | Outputsopen.tevour=25ns_ | | 

| Standby Current || EzVoo-o2v || Ot 

| Standby Curent || Ezva || 10 
a eae 
Lee 
p24 | 
ar ae 









< 





< 















Iu 

ILo I/O Leakage Current Vin = 0 Vto Vcc 
VOH Output High Voltage loH = -—4.0 mA 
Output Low Voltage lo. = 8.0 mA 


NOTES: 
1. Icc is dependent upon output loading and cycle rates. Specified values are with outputs open, operating at specified cycle times. 





rs 
re 

rio ; 

[Von 
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LH52252B ADVANCE INFORMATION CMOS 64K x 4 Static RAM 


AC TEST CONDITIONS 
[| PARAMETER | RATING __ 


Input Pulse Levels Vss to3 V 
Input Rise and Fall Times | ns | 
Input and Output Timing Ref. Levels 






480 OHMS 










DQ PINS 


Output Load, Timing Tests 





255 OHMS 


CAPACITANCE 12 
[| PARAMETER) ————s|_—CRATING 
= 


* INCLUDES JIG AND SCOPE CAPACITANCES 
NOTES: 


1. Capacitances are maximum values at 25°C measured at 1.0MHz Figure 3. Output Load Circuit 
with Vpias = 0 V and Vcc = 5.0 V. 
2. Guaranteed but not tested. 





AC ELECTRICAL CHARACTERISTICS ! (Over Operating Range) 









SYMBOL 












Read Cycle Timing 
Address Access Time , 
Output Hold from Address Change Lo 
E Low to Valid Data FP 15 
E Low to Output Active ° Pg | 
E High to Output High-Z ~° a 
E Low to Power Up Time ® ze 


E High to Power Down Time ° 


WRITE CYCLE 


twc Write Cycle Time 

E Low to End of Write 
Address Valid to End of Write 
Address Setup 

Address Hold from W High 

W Pulse Width 

Input Data Setup Time 


~~ 
Be) 


Widdddde 


C 


tELZ 





AS 


taw 
tas 





os 
on 


Pp 





Input Data Hold Time 
W Low to Output High-z 2° 
W High to Output Active ° 


FARRER 
ELEEEELLLL 





tWLz 
NOTES: 
1. AC Electrical Characteristics specified at “AC Test Conditions” levels. 


2. Active output to High-Z and High-Z to output active tests specified for a +500 mV transition from steady state levels into the test load. 
CLoap = 5 pF. 
3. Guaranteed but not tested. 
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CMOS 64K x 4 Static RAM ADVANCE INFORMATION LH52252B 





TIMING DIAGRAMS — READ CYCLE 


Read Cycle No. 1 


Chip is in Read Mode: Wis HIGH, and E is LOW. Read 
cycle timing is referenced from when all addresses are 
stable until the first address transition. Crosshatched 
portion of DQ implies that data lines are in the Low-Z state 
and the data may not be valid. 


Read Cycle No. 2 


Chip is in Read Mode: W is HIGH. Timing illustrated 
for the case when addresses are valid while E goes LOW. 
Data Out is not specified to be valid until tea, but may 
become valid as soon as tELz. 


tac 


XXX prewous pata KKK) 





Figure 4. Read Cycle No. 1 


tea 


— . 


SUPPLY 
CURRENT 





Figure 5. Read Cycle No. 2 
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LH52252B 


ADVANCE INFORMATION 


CMOS 64K x 4 Static RAM 





TIMING DIAGRAMS — WRITE CYCLE 


Addresses must be stable during Write cycles. E or W 
must be high during address transitions. The outputs will 
remain in the High-Z state if W is LOW when E goes LOW. 
Care should be taken so that the output drivers are 
disabled prior to placing the Input Data on the DQ lines. 
This will prevent bus contention, reducing system noise. 


ADDRESS 


DQ 


DATA ON 
DQ LINES 


PREVIOUS OUTPUT 





Write Cycle No. 1 (W Controlled) 


Chip is selected: E is LOW. Using only W to control 
Write cycles may not offer the best device performance, 
since both twHz and tow timing specifications must be 
met. | 


Write Cycle No. 2 (E Controlled) 


__ DQlines may transition to Low-Z if the falling edge of 
W occurs after the falling edge of E. 


VALID ADDRESS 


Se 


sf 


MAY, 
A\N 


HIGH-Z 


Figure 6. Write Cycle No. 1 


ADDRESS 


two 


LID ADDRESS 


a 7 
———— 


AA 


DATA ON 
DQ LINES 


HIGH-Z 


OUTPUT 
(IF ANY) 





INPUT 


Figure 7. Write Cycle No. 2 
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SHARP 


CMOS 64K x 4 Static RAM ADVANCE INFORMATION LH52252B 


ORDERING INFORMATION 


_LH52252B Xx 
Device Device Type Package 


Lis Access Time (ns) 
D 24- -pin, 300-mil DIP (DIP24-P-300) 
K 24-pin, 300-mil SOJ (SOJ24-P-300) 
CMOS 64K x 4 Static RAM 


Example: LH52252BD-25 (CMOS 64K x 4 Static RAM, 25 ns, 24-pin, 300-mil DIP) 
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LH52253 


CMOS 64K x 4 Static RAM 





FEATURES 


e Fast Access Times: 15 */20/25/35 ns 
e Standard 28-Pin, 300-mil DIP 

e Space Saving 28-Pin, 300-mil SOJ 

e JEDEC Standard Pinouts 

e Low Power Standby when Deselected 
e TTL Compatible I/O 

e 5V+10% Supply 

e Fully Static Operation 

e Common I/O for Low Pin Count 


FUNCTIONAL DESCRIPTION 


The LH52253 is avery high-speed 256K-bit static RAM 
organized as 64K x 4. This RAM is fully static in operation. 
The Chip Enable (E) reduces power to the chip when E 
is inactive (HIGH). The combination of E and W control 
the mode of operation of the LH52253. 


Write cycles occur when both E and Write Enable (W) 
are LOW. Data is transferred from the DQ pins to the 
memory location specified by the 16 address lines. 


When E is LOW and W is HIGH, a static read of the 
memory location specified by the address lines will occur. 
Since the device is fully static in operation, new read 
cycles can be performed by simply changing the address. 
An Automatic Power Down feature reduces the current 
consumption when Read and Write cycles extend beyond 
their minimum cycle times. 


* Note: only the 15 ns access time part is Advance Information. 


The LH52253 offers an Output Enable (G) for use in 
managing the Data Bus. Bus contention during Write 
cycles may be easily avoided by using the G input in the 
LH52253. 


High-frequency design techniques should be em- 
ployed to obtain the best performance from these de- 
vices. Solid, low-impedance power and ground planes, 
with high-frequency decoupling capacitors, are recom- 
mended. Series termination of the inputs should be con- 
sidered when transmission line effects occur. 


PIN CONNECTIONS 


28-PIN DIP 
28-PIN SOJ 


TOP VIEW 





Figure 1. Pin Connections for DIP and SOJ 
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CMOS 64K x 4 Static RAM LH52253 


MEMORY ARRAY 
(65,536 x 4) 


uu) 
Q 
O 
re) 
uw 
a 
= 
O 
oc 


VO CIRCUIT 
BLOCK COLUMN 
DECODE DECODE 


POWER DOWN 
CIRCUIT 





Figure 2. LH52253 Block Diagram 


PIN DESCRIPTIONS 

[PIN | CDESCRIPTION 
[E | Chipenabie input 
G__| Output Enable input 
I 















NOTE: 
X = Don't Care, L = LOW, H = HIGH 


Positive Power Supply 


SHARP 4-107 


LH52253 CMOS 64K x 4 Static RAM 





ABSOLUTE MAXIMUM RATINGS * 


| RATING 
Vcc to Vss Potential -0.5Vto7V 









| 


NOTES: 


1. Stresses greater than those listed under “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating for 
transient conditions only. Function operation of the device at these or any other conditions above those indicated in the “Operating Range” of 
this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability. 


2. Outputs should not be shorted for more than 30 seconds. No more than one output should be shorted at any time. 






OPERATING RANGES 
SYMBOL | __PARAMETER | MIN | TYP | MAX | UNIT | 


Temperature, Ambient ie 
Supply Voltage 4.5 
VIL 
VIH 

















|Vss__| Supply Votage | 0 
|Vi___| Logic "0" input Votage’ | -0.5_ 
|i | Logic"1* input Votage | 2.2 


NOTE: 
1. Negative undershoot of up to 3.0 V is permitted once per cycle. 


DC ELECTRICAL CHARACTERISTICS 









Miser | Sandby Curent’ —‘(| Esveo-o2v | 
Piece | Standby Curent [E2vumin ——SC~dSCSC~idSCS 
iu [input eakage Curent | Voo=55V.Vw=oVieves | 2 | 
ius | WO Leakage Curent | Voo=55V,Vw=0Vioves | -2 | 
| rea 
| ae a 





Outputs open, tcycLe = 15 ns * 
G = Vi, CE = Vi_, WE = VIL or VIH 


Outputs open, tcycLe = 20 ns 
G = Vin, CE = Vit, WE = VIL or ViH 


Outputs open, tcYcLe = 25 ns 
G = Vin, CE = Vit, WE = Vit or VIH 







Outputs open, tac = 35 ns 
G = Vin, CE = Vi_, WE = ViLor ViH 


Output High Voltage loH = —4.0 MA 
Output Low Voltage lo. = 8.0 mA 
NOTES: 


1. Icc is dependent upon output loading and cycle rates. Specified values are with outputs open, operating at specified cycle times. 
2. Note: only the 15 ns access time part is Advance Information. 
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CMOS 64K ~x 4 Static RAM 


AC TEST CONDITIONS 
[PARAMETER | RATING | 
[Input RiseandFallTimes | Sins 


Input and Output Timing Ref. Levels 


Output Load, Timing Tests 








CAPACITANCE 12 
| 
NOTES: 


1. Capacitances are maximum values at 25°C measured at 1.0MHz 
with Vpias = 0 V and Vcc = 5.0 V. 
2. Guaranteed but not tested. 





LH52253 


480 OHMS 


DQ PINS 


* INCLUDES JIG AND SCOPE CAPACITANCES 


Figure 3. Output Load Circuit 


AC ELECTRICAL CHARACTERISTICS ' (Over Operating Range) 









SYMBOL DESCRIPTION 





Read Cycle Timing 

Address Access Time 

Output Hold from Address Change 
E Low to Valid Data 

E Low to Output Active 2 

E High to Output High-z 2° 

G Low to Valid Data 

G Low to Output Active 2° 

G High to Output High-Z *° 

E Low to Power Up Time ° 

E High to Power Down Time ° 
WRITE CYCLE 


= 


RC 


tELZ 


tGLZ 


Peel | el bl 


i 
E Low to End of Write 
Address Valid to End of Write 
Address Setup 
ddress Hold from W High 
Pulse Width 

Input Data Setup Time 

nput Data Hold Time 
W High to Output Active 2° 
W Low to Output High-Z 2° 


'?) 


ob 


AW 
AS 


SiS 
a 


m 
ae 


NPs = 
= 
© 
OQ 
re} 
i) 
—| 
3 
® 


= 


WLZ 


lo al 





1. AC Electrical Characteristics specified at "AC Test Conditions” levels. 












7 


_ 
1.) 
—_ 
oO 





2. Active output to High-Z and High-Z to output active tests specified for a +500 mV transition from steady state levels into the test load. 


Croan = 5 pF. 
3. Guaranteed but not tested. 
4. Note: only the 15 ns access time part is Advance Information. 





SHARP 
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LH52253 CMOS 64K x 4 Static RAM 


TIMING DIAGRAMS — READ CYCLE Read Cycle No. 2 
Read Cycle No. 1 oe isin oh deave Mode: W is its Mai area 
aan ee = a orthe case when addresses are valid when E goes 

Chip is in Read Mode: W is HIGH, E and G are LOW. Data Out is not specified to be valid until but may 

Read cycle timing is referenced from when all addresses become valid as soon as teLz. Valid Data will be present 

are stable until the first address transition. Crosshatched following taa only if tea timing has been met. 

portion of DQ implies that data lines are inthe Low-Z state 

and the data may not be valid. 


ee See Se 


XXX Prewous pata KX KX 


Figure 4. Read Cycle No. 1 





tac 


tive 


Pa 


CE noon ) 


SUPPLY 
CURRENT 





Figure 5. Read Cycle No. 2 
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CMOS 64K x 4 Static RAM 


LH52253 





TIMING DIAGRAMS — WRITE CYCLE 


Addresses must be stable during Write cycles. E or W 
must be HIGH during address transitions. The outputs will 
remain in the High-Z state if W is LOW when E goes LOW. 
Care should be taken so that the output drivers are 
disabled prior to placing the Input Data on the DQ lines. 
This will prevent bus contention, reducing system noise. 
These timing diagrams assume G is LOW, but it should 
be kept HIGH during Write cycles to insure that the output 
drivers are disabled. 


ADDRESS VA 


DQ 


DATA ON 
DQ LINES 


PREVIOUS OUTPUT 





Write Cycle No. 1 (W Controlled) 


Chip is selected: E and G are LOW. Using only W to 
control Write cycles may not offer the best device perfor- 
mance, since both twHz and tpw timing specifications 
must be met. 


Write Cycle No. 2 (E Controlled) 


__ DQlines may transition to Low-Z if the falling edge of 
W occurs after the falling edge of E. 


LID ADDRESS 


AN 


= 
hi 


HIGH-Z INPUT 


ADDRESS 


DQ 


DATA ON 
DQ LINES 


Figure 6. Write Cycle No. 1 


VALID ADDRESS 


OUTPUT 
(IF ANY) 





Figure 7. Write Cycle No. 2 
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LH52253 CMOS 64K x 4 Static RAM 


ORDERING INFORMATION 


LH52253 X 
Device Type Package 


Access Time (ns) 


D 28-pin, 300-mil DIP (DIP28-P-300) 
K 28-pin, 300-mil SOJ (SOJ28-P-300) 


CMOS 64K x 4 Static RAM 


* Only the 15 ns access time part is Advance Information. 
Example: LH52253K-25 (CMOS 64K x 4 Static RAM, 25 ns, 28-pin, 300-mil SOJ) 
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LH52256 
LH52256L 


CMOS 256K (32K x 8) Static RAM 





FEATURES 
e 32,768 x 8 bit organization 


e Access times: 
70/90/120 ns (MAX.) 


e Low power consumption: 
Operating: 440/385/385 mW (MAX.) 
Standby: 550 wW (MAX.) 


e Fully static operation 

e TTL compatible I/O 

e Three-state outputs 

e Single +5 V power supply 


e Packages: 
28-pin, 600-mil DIP 
28-pin, 450-mil SOP 


SHARP 


DESCRIPTION 


The LH52256 is a low-power CMOS-periphery static 
RAM organized as 32,768 x 8 bits. It is fabricated using 
silicon-gate CMOS process technology. 


PIN CONNECTIONS 


28-PIN DIP TOP VIEW 
28-PIN SOP 


1 
2 
3 
4 
5 
6 
7 
8 
9 





Figure 1. Pin Connections for DIP 
and SOP Packages 
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LH52256/LH52256L 


ROW ADDRESS 
BUFFERS 
ROW ADDRESS 
DECODER 


<o 
Pas 
OO 
a 
50 
of 
Z=2 
Oo 
oO 


CONTROL 
CIRCUIT 





CMOS 256K (32K x 8) Static RAM 


MEMORY 
ARRAY 
(1,024 x 256) 


COLUMN 
vO 
CIRCUITS 


COLUMN ADDRESS 
BUFFERS 3 


Figure 2. LH52256/LH52256L Block Diagram 


PIN DESCRIPTION 


[siewat [INNA 
[GE Output Enable input 
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SIGNAL [______PINNAME 
VO} - /Og Data inputs and outputs 
Power supply 


cc 






SHARP 


CMOS 256K (32K x 8) Static RAM LH52256/LH52256L 





TRUTH TABLE 
| cE | WE | OE | MODE | WO On__| SUPPLYCURRENT | NOTE 


TH | x | x | Deselect | High | Standby (ls) | 1 
Te Road Dour [Operating loc) | 
[tH |__| Outputaisabie | High-Z [Operating (loc) | 
pe x Wite Operating toc) | 1 












Supply vottage «| Voc +i -0.st0e70 | Vv) 1 
Pinputvotage «| Ww + _ostxzo | v | 4 
[Operating temperature | Topr | ows70 | |_| 
[Storage temperature | Taig | s0+150 | co | 


NOTE: 
1. The maximum applicable voltage on any pin with respect to GND. 






RECOMMENDED OPERATING CONDITIONS (Ta =O to +70°C) 
[PARAMETER | SYMBOL [WN | TR | WAX | UNT 


|Supply voltage | Veo | as | 50 | ss 
jimputvotage fH BRL Bf Meet 8S. 
Ea a ae: a 


DC CHARACTERISTICS (Vcc =5 V+ 10%, Ta =0 to +70°C) 
LH52256L-70 LH52256L-90,-12 
PARAMETER SYMBOL LH52256N-70L LH52256N-90L,-12L 
PIN | TP | MAX, | MIN, | TYP | MAX. 
‘Input leakage leakage Hu Vcc = 5.5 
current a = 0 to Vcc 
Output leakage Lo | = Vin or OE = Vin, 
current os a; vo = 0 to Vcc 



















CE = Vu, 
Outputs open 
Vin = 3.5 V, 
Icc1 Vit = 0.6 V 70 
Outputs open 
Vi = 2.2 V, 
Icc2 Vit = 0.8 V 
cuts open 


Operating 
current 


Standby current 
Output voltage 








a 
[ise [CE Veo -02 
Vo [t= 2ma 
[Vor [tow =-1.0ma 
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LH52256/LH52256L CMOS 256K (32K x 8) Static RAM 


AC CHARACTERISTICS 
(1) READ CYCLE (Vcc = 5 V+ 10%, Ta = 0 to +70°C) 


LH52256L-70 LH52256L-90 LH52256L-12 | 
PARAMETER SYMBOL LH52256N-70L LH52256N-90L LH52256N-12L UNIT NOTE 
tRc 











TS 


Read cycle time 


| tre 
Address access time i StRa 2) 


Chip enable access time 
Output enable access time | toe 
Output hold from address change | toH 
Chip enable Low to output in Low-Z 


Output enable Low to output in 
ow- 





Output enable High to output in 
High-Z 










LH52256L-12 
LH52256N-12L UNIT NOTE 





PARAMETER 





LH52256L-70 LH52256L-90 
SYMBOL | LH52256N-70L LH52256N-90L 


Write cycle time 


Chip enable to end of write 
Address valid to end of write | taw 
Address setup time 

Write pulse width 


| tas 
| tw 
Write recovery time | twr | 
| tow 





S 
c 


Data valid to end of write 
Data hold time 


| ton 
Output active from end of write | tow | 
| tw 






h 
ol 


= 
© 


Write Low to output in High-Z | 


Output enable High to output in 
High- 
NOTE: 
1. Active output to high-impedance and high-impedance to output active tests specified for a +500 mV transition 
from steady state levels into the test load. CLoap = 5 pF. 


Lh 
oO 


a} oO 


/ 


AC TEST CONDITIONS 
PARAMETER 


0.6to2.4V | 


1TTL gate, C_ = 100 pF 
Output load conditions (Includes scope and jig 
capacitance) 
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CMOS 256K (32K x 8) Static RAM LH52256/LH52256L 


DATA RETENTION CHARACTERISTICS (Ta =0 to +70°C) 


PARAMETER SYMBOL CONDITIONS | MIN. | TYP | MAX. | UNIT 


ES TEE TE TT NT TL NRA 


Data retention voltage GE = Vocon-02V es ee a 


CE 2 Veccpr - 0.2 V, | 
Data retention current Vecpr = 3.0 V 


[Chip disable to data retention | toon | ———SSSC~iSCi 
[a EE SRR EE NEE NRE ET 


* tac = Read cycle time 


CAPACITANCE * (Ta = 25°C, f = 1MHz) 
|____PARAMETER | SYMBOL | CONDITIONS =| MAX. | UNIT | 


input capacitance | Cw | Vw-0v | @ | pF 
inputioutput capacitance 


NOTE: 
1. This parameter is sampled and not production tested. 












DATA RETENTION MODE 


Cie: aaa 
mB aim 


ai = 


Dour oa DATA { DATAVALID  ) 


NOTE: WE = "HIGH" 





Figure 4. Read Cycle 
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LH52256/LH52256L CMOS 256K (32K x 8) Static RAM 


(OE Clock) 


crs 
— NAN 


ee 
NANANANNT WM ITT 


tas twra_| (NOTE 3) 
(NOTE 2) ree 1) 


AK MLLLLLL. 
(NOTE 5) 


VAAN ANAS ANANNANASL SLA 
PLIP LEP LLP LEP LL 


tow ton 


W/ 
<< 


(NOTE 4) 


NOTES: 
1. The Write pulse occurs during the overlap (twp) of CE = "LOW" and WE = LOW. 
2. tas is defined as the time from address change to start of write. 
3. twp is defined as the time from end of write to address change. 
4. When I/O pins are in the output state, input signals of opposite logic level must not be applied. 
5. If CE LOW transition occurs at the same time or prior to WE LOW transition, the output will remain high-impedance. 





Figure 5. Write Cycle 1 


(OE Low ) 


two 


NNANYANNNY a 1/4 7/// 


| twr_| (NOTE 3) 


NN 111A 


(NOTE 5) tow (NOTES) 


VA SAVANNA NANAAN NV AAA Eel fl 
PIPPI TTT TTT TTT} ) a 


tow tou 


uence 
On {_earavaio XX XX 


(NOTE 4) 


NOTES: 
1. The Write pulse occurs during the overlap (twp) of CE = "LOW" and WE = LOW. 
2. tas is defined as the time from address to change to start of write. 
3. twa is defined as the time from end of write to address change. 
4. When I/O pins are in the output state, input signals of opposite logic level must not be applied. 
5. If CE LOW transition occurs at the same time or prior to WE LOW transition, the output will remain high-impedance. 
6. If CE HIGH transition occurs at the same time or prior to the WE HIGH transition, the output will remain high-impedance. 





Figure 6. Write Cycle 2 
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CMOS 256K (32K x 8) Static RAM LH52256/LH52256L 


ORDERING INFORMATION 








LH52256 X x - Ht L 


— Low-power standby (SOP only) 


70 70 
90 90 Access Time (ns) 
12 120 


Blank 28-pin, 600-mil DIP (DIP28-P-600) 
N 28-pin, 450-mil SOP (SOP28-P-450) 
L Low-power standby (DIP only) 

Blank Standard power 


CMOS 256K (32K x 8) Static RAM 
Example: LH52256L-70 (CMOS 256K (32K x 8) Static RAM, Low-power standby, 70 ns, 28-pin, 600-mil DIP) 
52256-7 
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L H 52256 L L CMOS 256K (32K x 8) Static RAM 


FEATURES DESCRIPTION 





: eee 7 The LH52256LL is an ultra-low power CMOS-periph- 
¢ 32,768 x 8 bit organization ery static RAM organized as 32,768 x 8 bits. It is fab- 


ricated using silicon-gate CMOS process technology. 
e Access time: 


90 ns (MAX.) PIN CONNECTIONS 


e Low power consumption: ee | ie 
Operating: 385 mW (MAX.) 28-PIN SOP 
Standby: 220 pW (MAX.) 


e Fully static operation 

e TTLcompatible I/O 

e Three state outputs 

e Single +5 V power supply 


e Package: 
28-pin, 600-mil DIP 
28-pin, 450-mil SOP 





Figure 1. Pin Connections for DIP and SOP 
Packages 
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CMOS 256K (32K x 8) Static RAM LH52256LL 


MEMORY 
ARRAY 
(1,024 x 256) 


ROW ADDRESS 
BUFFER 
ROW ADDRESS 
DECODER 


COLUMN 
VO CIRCUITS 


INPUT DATA 
CONTROL CIRCUIT 


CONTROL 
CIRCUIT 


Ap Ay Ag Ag Ato 





Figure 2. LH52256LL Block Diagram 


PIN DESCRIPTION 
[signal [_*PINNAME CC 


é EE TT 


Phos Ave | Address input 
[WE | Wte Enable input 
[GE [Output Enable input 











SIGNAL | ___PINNAME 
VO; - Og Data inputs and outputs 
| Vcc __| Power supply 


Vcc 
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LH52256LL CMOS 256K (32K x 8) Static RAM 


TRUTH TABLE 






TH |x| x | Deselect | HighZ | Standby (ss) | 1 
Te fk Read [Dour | Operating (ioc) | 
[tw | A _| Output disable | _High-Z | Operating (loo) | __ 
ptf x ite [Dw [Operating ioc) [1 


NOTE: 
1. X=HorL 







ABSOLUTE MAXIMUM RATINGS 






Supply voltage +(| Veo ~+| 0.3tx70 | Vv | 1 
input votage ——*(| Vw ~(| _oat+70 | v [1 
Operating temperature | Top | ow+70 | co | 
[Storage temperature | Tey | S610450 | c | 


NOTE: 
1. The maximum applicable voltage on any pin with respect to GND. 










RECOMMENDED OPERATING CONDITIONS (Ta = 0 to +70°C) 





Supply vottage | Voc | 45 | so | ss |v 
Jessel oer eo ome ear Se 
Vi v 







Output leakage CE = Vin or OE = Vin, 

ewan 98 | teot | Ggomves™ | | | + | 
CE = Vi, 
“ Outputs open 


Vin = 3.5 V, 
Operating Icc1 Vit = 0.6 V 
current Outputs open 

Vin =2.2 V, 
Icc2 Vit = 0.8 V 
Outputs open 
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_ ce | We | OE | MODE | VOy-0e | SUPPLYCURRENT | NOTE | 


SHARP 


CMOS 256K (32K x 8) Static RAM LH52256LL 





AC CHARACTERISTICS 


(1) READ CYCLE (Vcc =5 V+ 10%, Ta = 0 to +70°C) 
[_____ PARAMETER | SYMBOL | WIN. | WAX | _UNT | NOTE 


[Readeyclotme ——~—S~S~sSSCiae~Sd|| | 


Address access time 
Chip enable access time 







Output enable access time 

Output hold from address change 
Chip enable Low to output in Low-Z 
Output enable Low to output in Low-Z 
Chip disable to output in High-Z 
Output enable High to output in High-Z 






PARAMETER 
Write cycle time 
Chip enable to end of write 
Address valid to end of write 


[svweo | WIN [ WAX. [ _UNT | NOTE 


one: 
(?) 


Cc 


Address setup time 

Write pulse width 

Write recovery time 

Data valid to end of write 

Data hold time 

Output active from end of write 
Write Low to output in High-Z 


Output enable High to output in High-Z 


NOTE: 
1. Active output to high-impedance and high-impedance to output active tests specified for a +500 mV transition 
from steady state levels into the test load. CLoap = 5 pF. 


S 


AC TEST CONDITIONS 


[——raraweren__[~COwODE 


| 1TTL gate, C_ = 100 pF 
Output load conditions (Includes scope and jig 
| capacitance) 
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LH52256LL CMOS 256K (32K x 8) Static RAM 


DATA RETENTION CHARACTERISTICS (Ta =0 to +70°C) 


Data retention voltage CE = Vccpr - 0.2 V 


= Ta=25C | | 
Data retention current ICCDR Vo bates . ; V, Ta = 0 to 40°C Ll 





Ta = 0 to 70°C 
Chip disable to data retention | toon | 


Recovery time 








* tac = Read cycle time 


CAPACITANCE ' (Ta = 25°C, f = 1MHz) 
PARAMETER 


Input capacitance 
Input/output capacitance 


NOTE: 
1. This parameter is sampled and not production tested. 





DATA RETENTION MODE 


ANNANNANNNNNANN LECT. 


tonz 


tz] | 
Dout eee 


| NOTE: WE = "HIGH" 





Figure 4. Read Cycle 
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CMOS 256K (32K x 8) Static RAM LH52256LL 


(OE Clocked) 


oa 
= swe 


Ok ener ~ eee 
NXANY ANS SS //7// 


| twa | (NOTE 3) 


a 71/7 


(NOTE 5) 


VAAANSN ASA SN AAAAAAN SAAN 
PEPSI PPP PELE LPP PSS 


o (oman 


(NOTE 4) 


NOTES: __ = 
1. The Write pulse occurs during the overlap (twp) with CE = LOW and WE = LOW. 


2. tas is defined as the time from address to change to of write. 

3. twr is defined as the time from end of write to address change. 

4. When I/O pins are in output state, input signals of opposite | logic level must not be applied. 

5. If CE LOW transition occurs at the same time or prior to WE LOW transition, the output will remain high-impedance. 





Figure 5. Write Cycle 1 


(OE Low) 


NS 


| twe | (NOTE 3) 


= pe 


(NOTE 6) 


(NOTE 5) 


PLPC LEP PP PPS LP PLL} tow tou 


Dn (_paravano_ XXX 


(NOTE 4) 
NOTES: _— ca 
1. The Write pulse occurs during the overlap (twp) with CE = LOW and WE = Low. 
2. tas is defined as the time from address to change to of write. 
3. twr is defined as the time from end of write to address change. 
4. When I/O pins are in output state, input signals of opposite logic level must not be applied. 
5. If CE LOW transition occurs at the same time or prior to WE LOW transition, the output will remain high-impedance. 
6. If CE HIGH transition occurs at the same time or prior to the WE HIGH transition, the output will remain high-impedance. 





Figure 6. Write Cycle 2 
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LH52256LL 


ORDERING INFORMATION 


LH52256 
Device Type 


CMOS 256K (32K x 8) Static RAM 


- ## 
Speed 


= Low-power standby 220 pW MAX. 
90 Access Time (ns) 


Blank 28-pin, 600-mil DIP (DIP28-P-600) 
N 28-pin, 450-mil SOP (SOP28-P-450) 


CMOS 256K (32K x 8) Static RAM 





Example: LH52256N-90LL (CMOS 256K (32K x 8) Static RAM, 90 ns, 28-pin, 450-mil SOP) 
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SHARP 


LH52258 


CMOS 32K x 8 Static RAM 





FEATURES 


e Fast Access Times: 30/35/45/55 ns 

e Space Saving 28-Pin, 300-mil DIP 

e High Density 28-Pin, 300-mil SOJ 

e Low Power Standby When Deselected 
e TTL Compatible I/O 

e 5V+10% Supply 

e Fully Static Operation 

e 2V Data Retention 


FUNCTIONAL DESCRIPTION 


The LH52258 is a high-speed 262,144 bit static RAM 
organized as 32K x 8. A fast, efficient design is obtained 
with a CMOS periphery and a matrix constructed with 
polysilicon load memory cells. 


This RAM is fully static in operation. The Chip Enable 
(E) control permits Read and Write operations when 
active (LOW) or places the RAM in a low-power standby 
mode when inactive (HIGH). Standby power (IsB1) drops 
to its lowest level if E is raised to within 0.2 V of Vcc. 


Write cycles occur when both Chip Enable (E) and 
Write Enable (W) are LOW. Data is transferred from the 
DQ pins to the memory location specified by the 15 
address lines. Proper use of the Output Enable control 
(G) can prevent bus contention. 


When E is LOW and Wis HIGH, a static Read will 
occur at the memory location specified by the address 
lines. G must be brought LOW to enable the outputs. 
Since the device is fully static in operation, new Read 
cycles can be performed by simply changing the address. 


High-frequency design techniques should be em- 
ployed to obtain the best performance from this device. 
Solid, low-impedance power and ground planes, with 
high-frequency decoupling capacitors, are recom- 
mended. Series termination of the inputs should be con- 
sidered when transmission line effects occur. 


PIN CONNECTIONS 


28-PIN DIP 
28-PIN SOJ 


TOP VIEW 





Figure 1. Pin Connections for DIP and SOJ 
Packages 





SHARP 
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LH52258 


y LU 
Q 
1O 
re) 
Lu 
1a 
i= 
O 
va 


CMOS 32K x 8 Static RAM 


MEMORY ARRAY 
(32,768 x 8) 


VO CIRCUIT 
BLOCK COLUMN 
DECODE DECODE 


A2 





Aio Ag Ag 


Ay Ai3 Aig 


Figure 2. LH52258 Block Diagram 


TRUTH TABLE 


Fees een 
Le aioe | ene | Sante 


refx fe [wie [atin aa — 


NOTE: 
X = Don't Care, L = LOW, H = HIGH 





PIN DESCRIPTIONS 

Ah Bsanion 
Pe | Chip Enabieinut 
[Voc 
[vss 
















Positive Power Supply 





4-128 


SHARP 


CMOS 32K x 8 Static RAM 


ABSOLUTE MAXIMUM RATINGS ' 


| RATING 
Input Voltage Range 


NOTES: 












LH52258 


1. Stresses greater than those listed under “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating for 
transient conditions only. Functional operation of the device at these or any other conditions above those indicated in the “Operating Range” 


of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability. 
2. Outputs should not be shorted for more than 30 seconds. No more than one output should be shorted at any time. 


OPERATING RANGES 
|SyMBoL | PARAMETER | MIN | Typ | MAX | _UNIT_| 


Temperature, Ambient I Or 
Supply Voltage 
VIL 
VIH 














[Vss__| Supply Vottage | 0 _ 
Vi | Logic "0" Input Voltage ' | 0.5 
Vin | Logic "1" Input Voltage Leer 


NOTE: 
1. Negative undershoot of up to 3.0 V is permitted once per cycle. 


DC ELECTRICAL CHARACTERISTICS 













G= Vin, E = Vit, lout = 0 mA 
All other Inputs = Vit or Vin 
minimum cycle time = 30 ns 


G= Vin, E = Vit, lour=0 mA 
All other Inputs = Vit or Vin 
minimum cycle time = 35 ns 


G= Vu, E= Vit, lour=0mA 


Icc1 All other Inputs = Vit or Vin 
minimum cycle time = 45 ns 


G = Vin, E = Vit, lour= 0 mA 
loct Operating Current ' All other Inputs = Vit or Vin 
minimum cycle time = 55 ns 


| Standby Curent | E2Vec-02V_ | 
= 
| -2 | 
| -2 | 









Icc1 Operating Current ! 









Operating Current ' 









Operating Current , 











| iser | 
| isse__| Standby Curent | EV 
lon = ~4.0 mA 2.4 
| Vo. | Output Low Voltage | tou=80mA | 
| Vor | DataRetentionVottage | EzVec-02v | 2 
ton | DataRetention Current | Voc=3V.E2Vec-02V | 
NOTE: 


1. Iccis dependent upon output loading and cycle rates. Specified values are with outputs open, operating at specified cycle times. 





SHARP 
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LH52258 


AC TEST CONDITIONS 
[PARAMETER =i -RATING _| 
[Input Rise and FallTimes |S ns 


CAPACITANCE 12 
eee a eee 
8 pF 


NOTES: 



















1. Capacitances are maximum values at 25°C measured at 1.0MHz 


with Vgias = 0 V and Vcc = 5.0 V. 
2. Guaranteed but not tested. 


DATA RETENTION TIMING 


E must be held above the lesser of Vin or Vcc — 0.2 V 
to assure proper operation when Vcc < 4.5 V. E must be 
Vcc — 0.2 V or greater to meet IDR specification. All other 


inputs are "Don’t Care." 





CMOS 32K x 8 Static RAM 


480 OHMS 


DQ PINS 


255 OHMS 


* INCLUDES JIG AND SCOPE CAPACITANCES 


Figure 3. Output Load Circuit 





Figure 4. Data Retention Timing 


4-130 


SHARP 


CMOS 32K x 8 Static RAM LH52258 


AC ELECTRICAL CHARACTERISTICS * (Over Operating Range) 


SYMBOL DESCRIPTION 


R 


Read Cycle Time 
tAA Address Access Time 


Output Hold from Address 
Change 


j 
E Low to Valid Data 
E Low to Output Active 
E High to Output High-z 2° 
| 
| 

















m 
> 
oO 
OQ 
<< 
Oo 
r 
m 


Ol 








ol 
O1 


a 
| 
m 
‘?) 
~< 
Oo 
ea 
m 
oT oO io) 


3 

3 
E Low to Power Up Time ° 
E High to Power Down 
Time ° 

W 


I 
G Low to Valid Data 
G Low to Output Active > 


htwo Write Cycle Time 

tew E Low to End of Write 
Address Valid to End of 
Write 


Address Setup 
Address Hold from W High 





[tow | Input Data Setup Time 
ton | Input DataHold Time 


NOTES: 

1. AC Electrical Characteristics specified at "AC Test Conditions” levels. 

2. Active output to High-Z and High-Z to output active tests specified for a +200 mV transition from steady state levels into the test load. 
3. Guaranteed but not tested. 


{GHZ G High to Output High-Z 2° 





—_ 

w 
a 
© | o1 
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LH52258 


CMOS 32K x 8 Static RAM 





TIMING DIAGRAMS — READ CYCLE 


Read Cycle No. 1 


Chip is in Read Mode: W is HIGH, E is LOW and Gis 
LOW. Read cycle timing is referenced from when all 
addresses are stable until the first address transition. 
Crosshatched portion of Data Out implies that data lines 
are in the Low-Z state but the data is not guaranteed to 
be valid until taa. 


tre 


VALID ADDRESS 


ADDRESS 


XXX Previous Data XK KK) 


Read Cycle No. 2 

Chip is in Read Mode: W is HIGH. Timing illustrated 
for the case when addresses are valid before E goes 
LOW. Data Out is not specified to be valid until tea or taa, 
but may become valid as soon as teLz or teLz. Outputs 
will transition directly from High-Z to Valid Data Out. Valid 
data will be present following taa only if tea timing is met. 


VALID DATA 





Figure 5. Read Cycle No. 1 


ete 
= 


SUPPLY 
CURRENT 





VALID DATA 


Figure 6. Read Cycle No. 2 
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SHARP 


CMOS 32K x 8 Static RAM 


LH52258 





TIMING DIAGRAMS — WRITE CYCLE 


Addresses must be stable during Write cycles. The 
outputs will remain in the High-Z state if W is LOW when 
E goes LOW. If G is HIGH, the outputs will remain in the 
High-Z state. Although these examples illustrate timing 
with G active, it is recommended that G be held HIGH for 
all Write cycles. This will prevent the LH52258’s outputs 
from becoming active, preventing bus contention, thereby 
reducing system noise. 


ADDRESS 


DQ 


DATA ON 
DQ LINES 


PREVIOUS OUTPUT 





Write Cycle No. 1 (W Controlled) 


Chip is selected: E is LOW, G is LOW. Using only W 
to control Write cycles may not offer the best performance 
since both twuz and tow timing specifications must be 
met. 


Write Cycle No. 2 (E Controlled) 


Gis LOW. DQ lines may transition to Low-Z if the falling 
edge of W occurs after the falling edge of E. 


HIGH-Z INPUT 


Figure 7. Write Cycle No. 1 


ADDRESS 


ALID ADDRESS 


AAAS AAR 


DQ 


DATA ON 
DQ LINES 


HIGH-Z 





WLLL 


Figure 8. Write Cycle No. 2 


SHARP 
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LH52258 CMOS 32K x 8 Static RAM 
ORDERING INFORMATION 


LH52258 X - ## 


Device Type Package Speed 30 | 
—{2 Access Time (ns) 
55 


D 28-pin, 300-mil DIP (DIP28-P-300) 
K 28-pin, 300-mil SOJ (SOJ28-P-300) 





CMOS 32K x 8 Static RAM 


Example: LH52258K-35 (CMOS 32K x 8 Static RAM, 35 ns, 28-pin, 300-mil SOu) 
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PRELIMINARY 
L Hi 5225 SA CMOS 32K x 8 Static RAM 





FEATURES When E is LOW and Wis HIGH, a static Read will 
occur at the memory location specified by the address 

e Fast Access Times: 15 */20/25/30 ns lines. G must be brought LOW to enable the outputs. 
Since the device is fully static in operation, new Read 

e JEDEC Standard Pinout cycles can be performed by simply changing the address. 
e Space Saving 28-Pin, 300-mil DIP High-frequency design techniques should be em- 
ployed to obtain the best performance from this device. 

e High Density 28-Pin, 300-mil SOJ Solid, low-impedance power and ground planes, with 


high-frequency decoupling capacitors, are recom- 
e Low Power Standby when Deselected mended. Series termination of the inputs should be con- 


e TTL Compatible /O sidered when transmission line effects occur. 


© 5V+10% Supply PIN CONNECTIONS 
e Fully Static Operation 


28-PIN DIP TOP VIEW 
28-PIN SOJ 


FUNCTIONAL DESCRIPTION 


The LH52258A is a high-speed 262,144 bit static RAM 
organized as 32K x 8. A fast, efficient design is obtained 
with a CMOS periphery and a matrix constructed with 
polysilicon load memory cells. 


This RAM is fully static in operation. The Chip Enable 
(E) control permits Read and Write operations when 
active (LOW) or places the RAM in a low-power standby 
mode when inactive (HIGH). Standby power (isB1) drops 
to its lowest level if E is raised to within 0.2 V of Vcc. 


Write cycles occur when both Chip Enable (E) and 
Write Enable (W) are LOW. Data is transferred from the 
DQ pins to the memory location specified by the 15 
address lines. The proper use of the Output Enable 
control (G) can prevent bus contention. 





Figure 1. Pin Connections for DIP and SOJ 
Packages 


* Note: only the 15 ns access time part is Advance Information. 
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LH52258A PRELIMINARY CMOS 32K x 8 Static RAM 


MEMORY ARRAY 
(32,768 x 8) 


ROW DECODER 


VO CIRCUIT 
BLOCK COLUMN 
DECODE DECODE 


Ap Ag Aio Ayy Ag Ag Aig 





Figure 2. LH52258A Block Diagram 


TRUTH TABLE PIN DESCRIPTIONS 
-—E|G@]w| mop | oa | kee 


PH | x | x | NotSetected | Highz | Standby | 
pL [HH | Selected | Highz | Active 












|u[t | H | Read Data Out 
pt [ xt | write | datain | Active 








Vss 
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CMOS 32K x & Static RAM PRELIMINARY LH52258A 





ABSOLUTE MAXIMUM RATINGS * 


| CRATING. 
Vcc to Vss Potential -05Vto7V 
Input Voltage Range -0.5 Vto Vcc + 0.5 V 


DC Output Current ? 
Storage Temperature Range —65° to 150°C 
Power Dissipation (Package Limit) 


NOTES: 


1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating for 
transient conditions only. Functional operation of the device at these or any other conditions above those indicated in the "Operating Range” 
section of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability. 


2. Outputs should not be shorted for more than 30 seconds. No more than one output should be shorted at any time. 





OPERATING RANGES 


45 | 50 | 55 
Logic "0" Input Voltage ' 
Logic "1" Input Voltage 


NOTE: 
1. Negative undershoot of up to 3.0 V is permitted once per cycle. 





DC ELECTRICAL CHARACTERISTICS 


| SYMBOL | 
tac = 15 ns . | 
loc Operating Current ' G2>Vin, E< VIL, lout =0 mA, 
tcYcLe = 15 ns 
je tac = 20 ns 


Icc1 Operating Current \ G2 Vin, E < Vit, lout = 0 mA, 
| tCYCLE = 20 ns 


| tac = 25 ns 
| Iect Operating Current ' G2 Vin, E< Vit, lout = 0 mA, 
| tcYCLE = 25 ns 
: tac = 30 ns 

loc1 Operating Current ! G2VinH, E< Vit, lout = 0 mA, 
| tcYcLe = 30 ns 


Standby Current E2>Vcc-0.2V 


Input Leakage Current Vcc = 5.5 V, VIN=0 V to Vcc —2 
I/O Leakage Current Vcc = 5.5 V, Vin = 0 V to Vcc 


Output Low Voltage lo. =8.0mMA 
Data Retention Voltage E2Vcc-0.2V 
Hipn | Data Retention Current | Vcc =3V,E>Vcc-0.2V 


NOTES: 
1. Icc is dependent upon output loading and cycle rates. Specified values are with outputs open, operating at specified cycle times. 
2. Note: only the 15 ns access time part is Advance Information. 


| Isse__| Standby Current 


2.4 
DR 
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LH52258A PRELIMINARY CMOS 32K x 8 Static RAM 





AC TEST CONDITIONS 


[| PARAMETER |RATING _| 
Input Pulse Levels Vss to3 V 
Input Rise and Fall Times | ns 


Input and Output Timing Ref. Levels 
Output Load, Timing Tests 


CAPACITANCE 12 
| PARAMETER ——————|_—sSRATING _ 
| 


NOTES: 

1. Capacitances are maximum values at 25°C measured at 1.0MHz Figure 3. Output Load Circuit 
with Vgias = 0 V and Vcc = 5.0 V. 

2. Guaranteed but not tested. 


DATA RETENTION TIMING 


E must be held above the lesser of Vin or Vcc — 0.2 V 
to prevent improper operation when Vcc < 4.5 V. E must 
be Vcc — 0.2 V or greater to meet lpr specification. All 
other inputs are "Don't Care." 





255 OHMS 









* INCLUDES JIG AND SCOPE CAPACITANCES 





E2Vpp-0.2V 





Figure 4. Data Retention Timing 
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CMOS 32K x8 Static RAM PRELIMINARY LH52258A 


AC ELECTRICAL CHARACTERISTICS ! (Over Operating Range) 
















RC Read Cycle Time 


|ReadCycleTime ss | 15 | | 20 | 
aa___| Address AccessTime | —s || 15 | | 20_—| 
Flan ES 

Change 


t 

aE ~ 

eu 
E = 

: cs 

t 

t 


F 


E High to Output High-Z 2° 
G Low to Valid Data 
GLZ G Low to Output Active * 


© 


x 
anf 
mi 
QO 
~< 
Oo 
ee 
m 


1 
EA i 
E 
Time ° 
c__| WriteCycleTime | 15 
W 
Write 
s 
P 
D 
i 


W 
E 
W 


ta 
ta 
ta 
t 
t 
t 


H 
W 


Input Data Hold Time 
tWHz W Low to Output High-Z 2 
WLZ W High to Output Active 2 


NOTES: 

1. AC Electrical Characteristics specified at "AC Test Conditions” levels. 

2. Active output to High-Z and High-Z to output active tests specified for a +500 mV transition from steady state levels into the test load. The test 
load has 5 pF capacitances. 

3. Guaranteed by design but not tested. 

4. Note: only the 15 ns access time part is Advance Information. 


G High to Output High-Z 2.3 






3 
E Low to Power Up Time ° 
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LH52258A 


PRELIMINARY 


CMOS 32K x 8 Static RAM 





TIMING DIAGRAMS — READ CYCLE 


Read Cycle No. 1 


Chip is in Read Mode: W is HIGH, E is LOW and Gis 
LOW. Read cycle timing is referenced from when all 
addresses are stable until the first address transition. 
Crosshatched portion of Data Out implies that data lines 
are in the Low-Z state but the data is not guaranteed to 
be valid until taa. 


ADDRESS 


Read Cycle No. 2 


Chip is in Read Mode: W is HIGH. Timing illustrated 
for the case when addresses are valid before E goes 
LOW. Data Out is not specified to be valid until tea or taa, 
but may become valid as soon as teLz or teLz. Outputs 
will transition from High-Z to Valid Data Out. Valid data 
will be present following taa only if tea timing is met. 


VALID ADDRESS 


XXKX Previous DATA XK 


Figure 5. Read Cycle No. 1 


SUPPLY 
CURRENT 


fff fy 
LAN AA 








VALID DATA 


Figure 6. Read Cycle No. 2 
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CMOS 32K x 8 Static RAM 


PRELIMINARY 


LH52258A 





TIMING DIAGRAMS — WRITE CYCLE 


Addresses must be stable during Write cycles. The 
outputs will remain in the High-Z state if W is LOW when 
E goes LOW. If G is HIGH, the outputs will remain in the 
High-Z state. Although these examples illustrate timing 
with G active, it is recommended that G be held HIGH for 
all Write cycles. This will prevent the LH52258A's outputs 
from becoming active, preventing bus contention, thereby 
reducing system noise. 


ADDRESS 


Write Cycle No. 1 (W Controlled) 


Chip is selected: E is LOW, G is LOW. Using only W 
to control Write cycles may not offer the best performance 
since both twHz and tpw timing specifications must be 
met. 


Write Cycle No. 2 (E Controlled) 


Gis LOW. DQ lines may transition to Low-Z if the falling 
edge of W occurs after the falling edge of E. 


two 
, VALID ADDRESS 


IN | 


DQ 


DATA ON 
DQ LINES 


PREVIOUS OUTPUT 


HIGH-Z 





INPUT 


Figure 7. Write Cycle No. 1 


ADDRESS 


two 


ALID ADDRESS 


NAVAN 7 


teLz 


pa WY 


LOW-Z 


DATA ON 
DQ LINES 


HIGH-Z 





tou 


——— 
AN 


INPUT 


Figure 8. Write Cycle No. 2 
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LH52258A PRELIMINARY CMOS 32K x 8 Static RAM 





ORDERING INFORMATION 


LH52258A X - ## 


Device Type Package Speed 15° 


20 
25 Access Time (ns) 


30 


D 28-pin, 300-mil DIP (DIP28-P-300) 
K 28-pin, 300-mil SOJ (SOJ28-P-300) 


CMOS 32K x 8 Static RAM 
* Only the 15 ns access time part is advance information. 
Example: LH52258AK-25 (CMOS 32K x 8 Static RAM, 25 ns, 28-pin, 300-mil SOU) 
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LH521002 


CMOS 256K x 4 Static RAM 





FEATURES 


e Fast Access Times: 20 */25/35 ns 

e High Density 28-Pin, 400-mil SOJ 

e JEDEC Standard Pinouts 

e Low Power Standby when Deselected 
e TTLCompatible I/O 

e 5V+10% Supply 

e Fully Static Operation 

e Common I/O for Low Pin Count 

e 2V Data Retention 


FUNCTIONAL DESCRIPTION 


The LH521002 is a high speed 1,048,576-bit static 
RAM organized as 256K x 4. A fast, efficient design is 
obtained with a CMOS periphery and a matrix con- 
structed with polysilicon load memory cells. 


_ This RAM is fully static in operation. The Chip Enable 
(E) reduces power to the chip when E is HIGH. Standby 
power drops to its lowest level (IsB1) when E is raised to 
within 0.2 V of Vcc. 


Write cycles occur when both (E) and Write Enable (W) 
are LOW. Data is transferred from the DQ pins to the 
memory location specified by the 18 address lines. 


* Note: only the 20 ns access time part is Advance Information. 


SHARP 


Read cycles occur when E is LOW and Wis HIGH. A 
Read cycle will begin upon an address transition, on a 
falling edge of E, or on a rising edge of W. 


High frequency design techniques should be em- 
ployed to obtain the best performance from this device. 
Solid, low-impedance power and ground planes, with 
high frequency decoupling capacitors, are recom- 
mended. Series termination of the inputs should be con- 
sidered when transmission line effects occur. 


PIN CONNECTIONS 


1 
2 
3 
4 
5 
6 
7 
8 
9 





Figure 1. Pin Connections for SOJ Package 
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CMOS 256K x 4 Static RAM 


MEMORY ARRAY 
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: VO CIRCUIT 
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! |  DECODE DECODE 
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Figure 2. LH521002 Block Diagram 
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PIN DESCRIPTIONS 
[anes cRIPTION 
E | Chipenable input 
|W | Write Enable input 
G_| Output Enable input 
[Voc _| Positive Power Supply 









1] || mi 
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ABSOLUTE MAXIMUM RATINGS * 


| RATING 
Vcc to Vss Potential —-O.5Vto7V 


Input Voltage Range -0.5Vto Voc +05 V | 
DC Output Current 
















Storage Temperature Range —65°C to 150°C 
Power Dissipation (Package Limit) 


NOTES: 


1. Stresses greater than those listed under “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating for 
transient conditions only. Functional operation of the device at these or any other conditions above those indicated in the “Operating Range” 
of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability. 


2. Outputs should not be shorted for more than 30 seconds. No more than one output should be shorted at any time. 


OPERATING RANGES 


Supply Voltage 
Logic "0" Input Voltage he 
Logic "1" Input Voltage . 





NOTES: 
1. Negative undershoot of up to 3.0 V is permitted once per cycle. 
2. See Applications Note "Input/Output Level Testing” for test considerations. 


DC ELECTRICAL CHARACTERISTICS 
TEST CONDITIONS UNIT 


2 
1 tCYCLE = 20 ns 
Operating Current E = Vit, W = Vitor Vi of 
| 1 ICYCLE = 25 ns 
Operating Current E = Vi, W=ViLorVin 3 
| . 1 tCYCLE = 35 ns 
Operating Current ViL, W = ViL or Vin - 














y 







E= 
| isor__ | Standby Current | E>Voc-02V 
['see | Standby Current | E2 Vin 

|u| InputLeakage Curent | Vin=OVtoVec | 
[Vou | OutputHigh Votage | lon=—4.0mA | 2.4 
[Vor | OutputLow Voltage | lou=8.0mA | 
|Vor | DataRetentionVotage | E>Voc-o2v | 2 
torn | DataRetentionCurrent_ | Voc=3V,E2Vcc-02V | 
NOTE: 


1. Icc is dependent upon output loading and cycle rates. Specified values are with outputs open. 
2. Note: only the 20 ns access time part is Advance Information. 


© 
oO 
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AC TEST CONDITIONS 


PARAMETER RATING 


[Input Rise and FallTimes | Sins 
| Input and Output Timing Ref. Levels | 1.5V 


CAPACITANCE 12 


NOTES: 

1. Capacitances are maximum values at 25°C measured at 1.0MHz 
with Vias = 0 V and Vcc = 5.0 V. 

2. This parameter is sampled and not production tested. 


DATA RETENTION TIMING 


E must be held above the lesser of Vin or Vcc — 0.2 V 
to assure proper operation when Vcc < 4.5 V. E must be 
Vcc — 0.2 V or greater to meet IprR specification. All other 
inputs are "Don't Care." 











Ons MIN 





CMOS 256K x 4 Static RAM 


480 OHMS 


DQ PINS 


255 OHMS Cioap = 30 pF * 


* INCLUDES JIG AND SCOPE CAPACITANCES 


Figure 3. Output Load Circuit 





Figure 4. Data Retention Timing 
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CMOS 256K x 4 Static RAM LH521002 


AC ELECTRICAL CHARACTERISTICS ! (Over Operating Range) 


DESCRIPTION ee ee ae eee 












SYMBOL 


m 





htac | Read Cycle Timing | 20 | 25 | | 35 | 
Address Access Time hd P| a | 
h ton Output Hold from Address Change Fog | oN 38 | 
! tea _| ELowto Valid Data ea 2 eo os 
E Low to Output Active °° Dae ieee. ee 

teHz _|_EHigh to Output High-z 2° fe aleMOe ee Weer 
tc | fe | fl tof 
Se a a 

a i a es ae 

po f fo] flo 

ees ae ee 


G Low to Valid Data 

G Low to Output Active 9 

G High to Output High-Z 2° 
E Low to Power Up Time ° 

E High to Power Down Time 3 


t 

t 

t 

t 

Write Cycle Time 
tA 
ta 
t 


x 
—| 
m 
Q 
=< 
oO 
I~ 
m 


te 

tenz 

toa 

jtonz | 

ftp 

/tew _ | ELow to End of Write 
htaw | Address Valid to End of Write 
tas 

tan 

ftwe 

jtow 

ton | 





Address Setup 


| 20 | 
| 15 
15 | 
EO, 
Address Hold from W High Foo | 
W Pulse Width 15 
Input Data Setup Time BES 
Input Data Hold Time YO | 

ae 

| 


W Low to Output High-z ** 
W High to Output Active *° 


NOTES: 

1. AC Electrical Characteristics specified at "AC Test Conditions” levels. 

2. Active output to High-Z and High-Z to output active tests specified for a +500 mV transition from steady state levels into the test load. 
Cload = 5 pF. 

3. Guaranteed but not tested. 

4. Note: only the 20 ns access time part is Advance Information. 





RC 
ELZ 
GLZ 
PU 
Cc 
Ww 
S 
WP 
WLZ 
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TIMING DIAGRAMS — READ CYCLE Read Cycle No. 2 
Read Cycle No. 1 Chip is in Read Mode: W is HIGH. Timing illustrated for 
Chip is in Read Mode: Wis HIGH, E and G are LOW. the case when addresses are valid while E goes LOW. 


Chaar: Data Out is not specified to be valid until tea, but may 
Read cycle timing is referenced from when all addresses become valid as soon as teLz. Outputs will transition 


are stable until the first address transition. Following an ; : ; : 
oe : ‘ from High-Z to Valid Data Out. Data Out is valid after 
Address transition, Data Out is guaranteed valid at taa. both tea and tea are met. 


tac 


XXX KASS KKXKKRX oom) 
XXX A PREVIOUS DATA XX A XX A VALID DATA 


Figure 5. Read Cycle No. 1 





— 
f{[ fly 


VALID DATA 


SUPPLY 


CURRENT 





Figure 6. Read Cycle No. 2 
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LH521002 





TIMING DIAGRAMS — WRITE CYCLE 


Addresses must be stable during Write cycles. E or W 
must be HIGH during address transitions. The outputs will 
remain in the High-Z state if Wis LOW when E goes LOW. 
Care should be taken so that the output drivers are 
disabled prior to placing the Input Data on the DQ lines. 
This will prevent bus contention, reducing system noise. 


ADDRESS 


twuz 


DQ 


DATA ON 
DQ LINES 


PREVIOUS OUTPUT 


HIGH-Z 





Write Cycle No. 1 (W Controlled) 


Chip is selected: E and G are LOW. Using only W to 
control Write cycles may not offer the best device perfor- 
mance, since both twHz and tpw timing specifications 
must be met. 


Write Cycle No. 2 (E Controlled) 


Gis LOW. DQ lines may transition to Low-Z if the falling 
edge of W occurs after the falling edge of E. 


ALID ADDRESS 


WH 


tow twiz 


ah CK X 


INPUT 


Figure 7. Write Cycle No. 1 


ADDRESS VALID ADDRESS 


DQ 


DATA ON 
DQ LINES 


OUTPUT 
(IF ANY) 





Figure 8. Write Cycle No. 2 
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LH521002 CMOS 256K x 4 Static RAM 


ORDERING INFORMATION 


LHE21002 K 
Device Type Package 


25 Access Time (ns) 
35 


28 pin, 400-mil SOJ (SOJ28-P-400) 


CMOS 256K x 4 Static RAM 
* Only the 20 ns access time part is Advance Information. 
Example: LH521002K-25 (CMOS 256K x 4 Static RAM, 25 ns, 28 pin, 400-mil SOv) 
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LH521 007 CMOS 128K x 8 Static RAM 





FEATURES | When both Chip Enables are active and W is inactive, 
a Static Read will occur at the memory location specified 

e Fast Access Times: 20 */25/35 ns by the address lines. G must be brought LOW to enable 
the outputs. Since the device is fully static in operation, 

e Two Chip Enable Controls new Read cycles can be performed by simply changing 
the address. 


e High Density 32-Pin, 400-mil SOJ 
High frequency design techniques should be em- 
e Low Power Standby When Deselected ployed to obtain the best performance from this device. 
. Solid, low-impedance power and ground planes, with 
e TTL Compatible VO high frequency decoupling capacitors, are recom- 
e 5V+10% Supply mended. Series termination of the inputs should be con- 
sidered when transmission line effects occur. 
e Fully Static Operation 


e 2V Data Retention PIN CONNECTIONS 


FUNCTIONAL DESCRIPTION 32-PIN SOJ 


The LH521007 is a high speed 1,048,576-bit static 
RAM organized as 128K ~x 8. A fast, efficient design is 
obtained with a CMOS periphery and a matrix con- 
structed with polysilicon load memory cells. 


_ This RAM is fully static in operation. The Chip Enables 

(E1, E2) permit Read and Write operations when active 
(E1 = LOW and E2 = HIGH) or place the RAM in a 
low-power standby mode when inactive (E1 = HIGH or 
E2 = LOW). Standby power drops to its lowest level (IsB1) 
if E1 is raised to within 0.2 V of Vcc and E2 is lowered to 
less than 0.2 V. 


Write cycles occur when both Chip Enables and Write 
Enable are active. Data is transferred from the DQ pins 
to the memory location specified by the 17 address lines. 
The proper use of the Output Enable control (G) can 
prevent bus contention. 


1 
2 
3 
4 
5 
6 
7 
8 
9 





Figure 1. Pin Connections for SOJ Package 


* Note: only the 20 ns access time part is Advance Information. 
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MEMORY ARRAY 
(131,072 x 8) 
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Figure 2. LH521007 Block Diagram 


TRUTH TABLE PIN DESCRIPTIONS 
| pa | 












|e |G |W | mope | pa_| tec | | PIN _| __DESCRIPTION 
Standby | High-Z | Standby Address Inputs 
DQo — DQ7 Data Inputs/Outputs | 


Standby | High-Z | Standby | 
: Chip Enable input | 


H 


Data | : | 


| Write | Datain| Active 


Write Enable input 
Positive Power Supply 
[vss | Ground 


Output Enable input 





NOTE: 
X = Don’t Care, L = LOW, H = HIGH 
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ABSOLUTE MAXIMUM RATINGS ' 


| CRATING 
Vcc to Vss Potential -0O.5Vto7V 
Input Voltage Range -0.5Vto Vcc +0.5 V 


DC Output Current 2 +40 mA 
Storage Temperature Range —65°C to 150°C 
Power Dissipation (Package Limit) 


NOTES: 


1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating for 
transient conditions only. Functional operation of the device at these or any other conditions above those indicated in the "Operating Range" 
of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability. 


2. Outputs should not be shorted for more than 30 seconds. No more than one output should be shorted at any time. 










OPERATING RANGES 
[symBoL | ____PARAMETER ——_|_-MIN | TyP | MAX | _U 


| Ta___| Temperature, Ambient | 0 
|Vss__| Supply Voltage |_| 
Logic "0" Input Voltage ' | 0.5 
Logic "1" input Voltage oe | 


NOTE: 
1. Negative undershoot of up to 3.0 V is permitted once per cycle. 


DC ELECTRICAL CHARACTERISTICS 
| syMBoL | _ PARAMETER _—| _——TESTCONDITIONS | (MIN | TYP | MAX 


Operating Current tcYCLe = 20 ns? 


Operating Current | 
. 1 

















Operating Current’ | tevour=35ns 
| E12 Voc -0.2V%, E2<0.2V, 

eee Vcc — 0.2 V < Alllother inputs < 0.2 V —_ 
Standby Current Ey > Vin “or E2< Vit ae 
iu | Input Leakage Current | Vin =0 V to Vcc es 


|Vor__| OutputLowVotage | lon=8.0mA 
|Vor__| DataRetentionVotage | E12Vcc—O2VandEe<O2V 
[ton | Data Retention Current | Voc=3V, E12 Voc—0.2V and E2<0.2V | 


NOTES: 
1. Icc is dependent upon output loading and cycle rates. Specified values are with outputs open. 
2. Note: only the 20 ns access time part is Advance Information. 







Ftlo I/O Leakage Current Vin = 0 V to Vcc 


Iu 
ILO 
VOH 
VOL 
VpDR 
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LH521007 PRELIMINARY CMOS 128K x 8 Static RAM 





AC TEST CONDITIONS 
| PARAMETER |RATING 











[Input Rise and FallTimes | Sins 


CAPACITANCE 1:2 
[PARAMETER ———=idSsCRACTING_—| 


Cin (Input Capacitance) 
Cpq (I/O Capacitance) 


NOTES: 


1. Capacitances are maximum values at 25°C measured at 1.0MHz 
with Vgias = 0 V and Vcc = 5.0 V. 
2. Sample tested only. 






DATA RETENTION TIMING 


E1 must be held above the lesser of Vin or Vcc - 0.2 V 
to assure proper operation when Vcc < 4.5 V. E; must be 
Vcc — 0.2 V or greater and E2 must be < 0.2 V to meet 
IDR specification. All other inputs are "Don’t Care." 





480 OHMS 


DQ PINS 


255 OHMS 


“INCLUDES JIG AND SCOPE CAPACITANCES 


Figure 3. Output Load Circuit 


Data retention mode 


E, >Vec-0.2V 


LOW SUPPLY VOLTAGE DATA RETENTION WAVEFORM (1) (E,; CONTROL) 


Data retention mode 


LOW SUPPLY VOLTAGE DATA RETENTION WAVEFORM (2) (E2 CONTROL) 





Figure 4. Data Retention Timing 
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CMOS 128K x 8 Static RAM PRELIMINARY LH521007 


AC ELECTRICAL CHARACTERISTICS ! (Over Operating Range) 








UNITS 


SYMBOL DESCRIPTION 












=> 


RC Read Cycle Timing 

Address Access Time 

Output Hold from Address Change 
E Low to Valid Data 

E Low to Output Active 2° 

E High to Output High-z 2° 
G Low to Valid Data 

GLZ G Low to Output Active 2° 
{GHZ G High to Output High-z 2° 
tpu E Low to Power Up Time 4 

E High to Power Down Time 4 


—_ 
>) 
=" 
oO 


oO 


-_ => = 
5 


H 






ELZ 


out 










WRITE CYCLE 

[two | WritecycleTme = | 2 || 
ftew | ElowtoEndofwrte ==“ || 15 | | 0 
[taw | Address ValidtoEndof Write || 15 | | 20 
[tas | AddressSeup | OT 
|tay | AddressHoldfromWHigh | OO | | 
riwe | WPusewan | t5 «| | 
| tow | InputDataSetupTime | 10 | | 2 
/ton | InputDataHoldTime | OTT 
twuz | WhowtoOutputHigh-z2S | | 
Fimz | Wrightoouputactve?® | 8 | 8 
NOTES: 


1. AC Electrical Characteristics specified at "AC Test Conditions" levels. 

2. Active output to High-Z and High-Z to output active tests specified for a +500 mV transition from steady state levels into the test load. 
CLoad = 5 pF. 

3. Sample tested only. 

4. Guaranteed but not tested. 

. Note: only the 20 ns access time part is Advance Information. 


on 
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TIMING DIAGRAMS — READ CYCLE 


Read Cycle No. 1 


Chip is in Read Mode: W and E2 are HIGH, E1 andG 
are LOW. Read cycle timing is referenced from when all 
addresses are stable until the first address transition. 
Crosshatched portion of Data Out implies that data lines 
are in the Low-Z state but the data is not guaranteed to 
be valid until taa. 


ADDRESS 


PRELIMINARY 


CMOS 128K x 8 Static RAM 


Read Cycle No. 2 


Chip is in Read Mode: W is HIGH. Timing illustrated 
for the case when addresses are valid before E; and E2 
are both active. Data Out is not specified to be valid until 
tEaA or tca, but may become valid as soon as teLz or taLz. 
Outputs will transition directly from High-Z to Valid Data 
Out. Valid data will be present following taa only if tea 
timing is met. 


se 
XXPRERERKKNK amon) 


JV\ZNZN 





Figure 5. Read Cycle No. 1 


SUPPLY 
CURRENT 





VALID DATA 


Figure 6. Read Cycle No. 2 
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PRELIMINARY 


LH521007 





TIMING DIAGRAMS — WRITE CYCLE 


Addresses must be stable during Write cycles. The 
outputs will remain in the High-Z state if W is LOW when 
both E; and E2 are active. If G is HIGH, the outputs will 
remain in the High-Z state. Although these examples 
illustrate timing with G active, it is recommended that G 
be held HIGH for all Write cycles. This will prevent outputs 
from becoming active, preventing bus contention, thereby 
reducing system noise. 


ADDRESS 


Write Cycle No. 1 (W Controlled) 


Chip is selected: E1 and G are LOW, E2is HIGH. Using 
only W to control Write cycles may not offer the best 
performance since both twHz and tow timing specifica- 
tions must be met. 


Write Cycle No. 2 (E Controlled) 


Gis LOW. DQ lines may transition to Low-Z if the falling 
edge of W occurs after the falling edge of E. 


VALID ADDRESS 


twe 
taw ta 


| 


kf 
() 


DATA ON 
DQ LINES 


PREVIOUS OUTPUT 


HIGH-Z INPUT 





Figure 7. Write Cycle No. 1 


ADDRESS 


DQ 


DATA ON 
DQ LINES 


HIGH-Z LOW-Z 





VALID ADDRESS 


Figure 8. Write Cycle No. 2 
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LH521007 


ORDERING INFORMATION 


LH521007 K 
Device Type Package 


PRELIMINARY 


CMOS 128K x 8 Static RAM 


- ## 
Speed 


20* 
25 Access Time (ns) 
35 


32-pin, 400-mil SOJ (SOJ32-P-400) © 


CMOS 128K x 8 Static RAM 


* Only the 20 ns access time part is Advance Information. 
Example: LH521007K-25 (CMOS 128K x 8 Static RAM, 25 ns, 32-pin, 400-mil SOU) 
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FEATURES 


e Fast Access Times: 20/25/35 ns 
e JEDEC Standard Pinout 


e High Density 32-Pin, 400-mil SOJ 
Package 


e Low Power Standby when Deselected 
e TTL Compatible I/O 

e 5V+10% Supply 

e Fully Static Operation 

e 2V Data Retention 


FUNCTIONAL DESCRIPTION 


The LH521008 is a high speed 1,048,576-bit static 
RAM organized as 128K x 8. A fast, efficient design is 
obtained with a CMOS periphery and a matrix con- 
structed with polysilicon load memory cells. 


This RAM is fully static in operation. The Chip Enable 
(E) contro! permits Read and Write operations when 
active (LOW) or places the RAM in a low-power standby 
mode when inactive (HIGH). Standby power drops to its 
lowest level (Isp1) if E is raised to within 0.2 V of Vcc. 


Write cycles occur when both Chip Enable (E) and 
Write Enable (W) are LOW. Data is transferred from the 
DQ pins to the memory location specified by the 17 
address lines. The proper use of the Output Enable 
control (G) can prevent bus contention. 


When E is LOW and W is HIGH, a static Read will 
occur at the memory location specified by the address 
lines. G must be brought LOW to enable the outputs. 
Since the device is fully static in operation, new Read 
cycies can be performed by simply changing the address. 


High frequency design techniques should be em- 
ployed to obtain the best performance from this device. 
Solid, low-impedance power and ground planes, with 
high frequency decoupling capacitors, are recom- 
mended. Series termination of the inputs should be con- 
sidered when transmission line effects occur. 


PIN CONNECTIONS 


32-PIN SOJ 


1 
2 
3 
4 
5 
6 
7 
8 
9 





Figure 1. Pin Connections for SOJ Package 
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MEMORY ARRAY 
(131,072 x 8) 


ROWDECODE 


1/0 CIRCUIT 


BLOCK COLUMN 
DECODE DECODE 


Ag As Ary Aira Aig Aig Ais Ate 
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Figure 2. LH521008 Block Diagram 


TRUTH TABLE PIN DESCRIPTIONS 

a 
TE | Chipenabie put 
[Voc | 
[Ves 









PP [ef seneey [az | Sy 
re Tata Tie [pani [Ae 


onic. L = LOW, H = HIGH 





















Anes 
Dj 


Positive Power Supply 
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ABSOLUTE MAXIMUM RATINGS ' 
[Panawerer |RATING | 
| DC OutputCurent? | e4OmA 


NOTES: 







LH521008 


1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating for 
transient conditions only. Functional operation of the device at these or any other conditions above those indicated in the "Operating Range” 


of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability. 
2. Outputs should not be shorted for more than 30 seconds. No more than one output should be shorted at any time. 


OPERATING RANGES 





|Ta | Temperature, Ambient | 0 | | 70 | °C _| 
|Voo | SuppiyVottage | 45 | 50 | 55 | OV 
|Vss | SupplyVottage | | oO | oo | 








VIL Logic "0" Input Voltage '* f-05/ | o8 |v. 
Vin Logic "1" Input Voltage 2 } 22] | Vec+05| Vv 





NOTES: 
- 1. Negative undershoot of up to 3.0 V is permitted once per cycle. 
2. See Applications Note “Input/Output Level Testing” for test considerations. 


DC ELECTRICAL CHARACTERISTICS 
| SYMBOL | __PARAMETER _|_—TESTCONDITIONS —_|_MIN | TYP | MAX | UNIT _ 


: 1 tcYCLE = 20 ns 
: 1 {CYCLE = 25 ns 
: 1 tcYCLe = 35 ns 


E2Voo-0.2V pf o4 | 2 | ma | 
flsse | StandbyCurent | Ezv ||| 20 | ma 
jiu | Input Leakage Current | Vin=OVtovec | -2 | | 2 | HA 
jo | VOLeakage Current | Vin=OVtoVeo | -2 | | 2 | WA 
lon =~4.0 mA p24 || 
P| oa 
2 | | 55 
| || 500 







3 
> 











3 
> 





$ 


<|5 


Output Low Voltage lo = 8.0 mA Pov | 
Data Retention Voltage | E2>Vcc-—0.2V ae 
Fipn | Data Retention Current | Voc=3V,E2Vcc-0.2V 


NOTE: 
1. Icc is dependent upon output loading and cycle rates. Specified values are with outputs open. 


<i< 
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CMOS 128K x 8 Static RAM 





AC TEST CONDITIONS 
[Input Rise andFallTimes | Ss 


CAPACITANCE '2 
[PARAMETER |RATING 


NOTES: 


1. Capacitances are maximum values at 25°C measured at 1.0MHz 
with Vgias = 0 V and Vcc = 5.0 V. 
2. Guaranteed but not tested. 













DATA RETENTION TIMING 


E must be held above the lesser of ViH or Vcc — 0.2 V 
to assure proper operation when Vcc < 4.5 V. E must be 
Vcc — 0.2 V or greater to meet IpR specification. All other 
inputs are "Don’t Care." 


Ons MIN 





480 OHMS 


DQ PINS 


255 OHMS 


* INCLUDES JIG AND SCOPE CAPACITANCES 


Figure 3. Output Load Circuit 





Figure 4. Data Retention Timing 
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AC ELECTRICAL CHARACTERISTICS ! (Over Operating Range) 





SYMBOL DESCRIPTION UNITS 


YCLE 


, 








m8) 
m 
> 
Oo 
QO 


Read Cycle Timing 


D 


Cc 
Address Access Time 

Output Hold from Address Change 
E Low to Valid Data 

E Low to Output Active 9 

E High to Output High-z 2° 

G Low to Valid Data 

G Low to Output Active 2" 

G High to Output High-Z 2° 

E Low to Power Up Time ° 

E High to Power Down Time ° 







= 


ELZ 


=> 


GLZ 
{GHZ 
PU 


oat 





WRITE CYCLE 
twc Write Cycle Time 






|Witecycietime | 2 | | 8 | s 
[tow | Elowtoendofwrte | 15 | | 20 | | 80 | 
[uw | Address ValidtoEndotwite | 15 | | 20 | | 30 | ns 
[us | Addressseup | || | ns 
fun | AddressHoldtromWrigh | | | || Ts 
jtwe | Wrusewith tt | 20 || ns 
[tow | inputDataSewpTime | 12 | | | 
jtow | InputDataHoidtime | || Ts 
[twiz | WhowtoOutputHighz*® || || to | 15 | ns 
jtmz | WHightoOutputactve?® | 38 | 8 | 8 ns 
NOTES: 


1. AC Electrical Characteristics specified at "AC Test Conditions” levels. 


2. Active output to High-Z and High-Z to output active tests specified for a +500 mV transition from steady state levels into the test load. 
Choad = 5 pF. 
3. Guaranteed but not tested. 
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TIMING DIAGRAMS — READ CYCLE 


Read Cycle No. 1 


Chip is in Read Mode: W is HIGH, E is LOW and G is 
LOW. Read cycle timing is referenced from when all 
addresses are stable until the first address transition. 
Crosshatched portion of Data Out implies that data lines 
are in the Low-Z state but the data is not guaranteed to 
be valid until taa. 


ADDRESS 


Read Cycle No. 2 


Chip is in Read Mode: W is HIGH. Timing illustrated 
for the case when addresses are valid before E goes 
LOW. Data Out is not specified to be valid until tea or taa, 
but may become valid as soon as teLz or taLz. Outputs 
will transition directly from High-Z to Valid Data Out. Valid 
data will be present when both taa and tea timing are met. 


VALID ADDRESS 
taa 


00 KXXX PERE XKXXXEK anon) 


Figure 5. Read Cycle No. 1 


SUPPLY 
CURRENT 





y, 
CTT insio vara 





Figure 6. Read Cycle No. 2 
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LH521008 





TIMING DIAGRAMS — WRITE CYCLE 


Addresses must be stable during Write cycles. The 
outputs will remain in the High-Z state if W is LOW when 
E goes LOW. If G is HIGH, the outputs will remain in the 
High-Z state. Although these examples illustrate timing 
with G active, it is recommended that G be held HIGH for 
all Write cycles. This will prevent the outputs from becom- 
ing active, preventing bus contention, thereby reducing 
system noise. 


ADDRESS 


IN: 


DQ 


DATA ON PREVIOUS OUTPUT 


DQ LINES 





Write Cycle No. 1 (W Controlled) 


Chip is selected: E is LOW, G is LOW. Using only W 
to control Write cycles may not offer the best performance 
since both twHz and tow timing specifications must be 
met. 


Write Cycle No. 2 (E Controlled) 


Gis LOW. DQ lines may transition to Low-Z if the falling 
edge of W occurs after the falling edge of E. 


HIGH-Z INPUT 


Figure 7. Write Cycle No. 1 


ADDRESS 


two 


a 


ALID ADDRESS 


NAVAN 7777 


DQ 


DATA ON 
DQ LINES 





Figure 8. Write Cycle No. 2 
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LH521008 CMOS 128K x 8 Static RAM 





ORDERING INFORMATION 


LH521008 K 
Device Type Package Speed 


20 . 
25 Access Time (ns) 
35 


32-pin, 400-mil SOJ (SOJ32-P-400) 


CMOS 128K x 8 Static RAM 





Example: LH521008K-25 (CMOS 128K x 8 Static RAM, 25 ns, 32-pin, 400-mil SOJ) 
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LH521028 


PRELIMINARY INFORMATION 


CMOS 64K x 18 Static RAM 





FEATURES 


e Fast Access Times: 20/25/30/35 ns 
e Space Saving 52-Pin PLCC 
e JEDEC Standard Pinout 


e Wide Word (18-Bits) for: 
— Improved Performance 
— Reduced Component Count 
— Nine-bit Byte for Parity 


e Transparent Address Latch 
e Reduced Loading on Address Bus 


e Low Power Stand-by Mode when 
Deselected 


e TTL Compatible I/O 
e 5V+10% Supply 
e 2V Data Retention 


FUNCTIONAL DESCRIPTION 


The LH521028 is a high speed 1,179,648-bit CMOS 
SRAM organized as 64K x 18. A fast, efficient design is 
obtained with a CMOS periphery and a matrix con- 
structed with polysilicon load memory cells. The 
LH521028 is available in a compact 52-Pin PLCC, which 
along with the six pairs of supply terminals, provide for 
reliable operation. 


The control signals include Write Enable (W), Chip 
Enable (E), High and Low Byte Select (S_ and Su), Output 
Enable (G) and Address Latch Enable (ALE). The wide 
word provides for reduced component count, improved 
density, reduced Address bus loading and improved per- 
formance. The wide word also allows for byte-parity with 
no additional RAM required. 


This RAM is fully static in operation. The Chip Enable 
(E) control permits Read and Write operations when 
active (LOW) or places the RAM in a low-power standby 
mode when inactive (HIGH). The Byte-select controls, SH 
and SL, are also used to enable or disable Read and Write 
operations on the high and the low bytes. The Address 
Latches are transparent when ALE is HIGH (for applica- 
tions not requiring a latch), and are latched when ALE is 
LOW. The Address Latches and the wide word help to 
eliminate the need for external Address bus buffers and/or 
latches. 


SHARP 


__ Write cycles occur when Chip Enable (E), SH and/or 
S._, and Write Enable (W) are LOW. The Byte-select 
signals can be used for Byte-write operations by disabling 
the other byte during the Write operation. Data is trans- 
ferred from the DQ pins to the memory location specified 
by the 16 address lines. The proper use of the Output 
Enable control (G) can prevent bus contention. 


When E and either Su or SL are LOW and W is HIGH, 
a static Read will occur at the memory location specified 
by the address lines. G must be brought LOW to enable 
the outputs. Since the device is fully static in operation, 
new Read cycles can be performed by simply changing 
the address with ALE HIGH. 


PIN CONNECTIONS 


52-PIN PLCC 





Figure 1. Pin Connections for PLCC Package 
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Ag Az Ag As Ag Ag Az Ay Ap 


TRANSPARENT LATCH 
ee ee 


ROW DECODE 


MEMORY ARRAY 
(65,536 x 18) 


<= 
O 
< 
- 
= 
Ww 
c 
mS 
; ow 
” 
z 
< 
oc 
- 





Figure 2. LH521028 Block Diagram 
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TRUTH TABLE 
| ADpRess | E | Sy | S| ate| G | W | DQcdQ | DQe-Day | MODE | kc _| 


|Dontcare| H | x | xX | H | x | xX | Highz | Highz | Standby | Isa 
Data Out_| Data Out icc 

| Datain | DontCare | write, lowbyte | toot 

pH | t | Hx | & | Dontcare | Datain | Write, high byte | loot 

pe Te TH | xX] | datain | Datain | White, bothbytes | loo 

| t | Datain | Datain | Write, both bytes | Icct_ 


NOTE: | 
X = Don't Care, L = LOW, H = HIGH 
















PIN DESCRIPTIONS 
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PRELIMINARY INFORMATION 
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PIN DEFINITION 

Vcc Positive Supply Voltage Terminals 
Vss Reference Terminals 

Ao- Ais Address Bus Input 


The Address bus is decoded to select one 18-bit word 
out of the total 64K words for Read and Write operations. 


E Chip Enable Active LOW Input 


Chip Enable is used to enable the device for Read and 
Write operations. When HIGH, both Read and Write 
operations are disabled and the device is in a reduced 
power state. When LOW, a Read or Write operation is 
enabled. 


Ww Write Enable Active LOW Input 


Write Enable is used to select either Read or Write 
operations when the device is enabled. When Write 
Enable is HIGH and the device is Enabled, a Read 
operation is selected. When Write Enable is LOW and the 
device is enabled, a Write operation is selected. A Byte- 
write operation is available by using the Byte-select con- 
trols. 


SH,SL Select High 


Select Low | 
The Select High and Select Low signals, in conjunction 
with the Chip Enable and Write Enable signals, allow the 
selection of the individual bytes for Read and Write oper- 
ations. When High, the Select signal will deselect its byte 


Active LOW Inputs 


4-170 


and prevent Read or Write operations. When the Select 
signal is LOW and Chip Enable is LOW, a Read or Write 
operation is performed at the location determined by the 
contents of the Address bus. When Chip Enable is HIGH, 
the Select signals are Don't Care. Select Low (SL) is 
assigned to DQo — DQs and Select High (Sx) is assigned 
to DQg — DQi17. 


ALE Address Latch 
Enable 


The Address Latch Enable signal is used to control the 
Transparent latches onthe Address bus. The Latches are 
transparent when HIGH and are latched when LOW. If 
not required, Address Latch Enable may be tied HIGH, 
leaving the Address bus in a transparent condition. 


DQo — DQ17 Data Bus Input/Output 


DQo — DQs comprise the Low byte, selected by St, 
and DQg — DQ17 comprise the High Data byte, selected 
by Su. The Data Bus is in a high impedance input mode 
during Write operations and standby. The Data bus is in 
a low-impedance output mode during Read operations. 


G OutputEnable Active LOW Input 


The Output Enable signal is used to control the output 
buffers on the Data Input/Output bus. When G is HIGH, 
all output buffers are forced to a high impedance condi- 
tion. When G is LOW, the output buffers will become 
active only during a Read operation (E and SH / Si are 
LOW, W is HIGH). 


Active High Input 
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ABSOLUTE MAXIMUM RATINGS * 


|RATING 
Vcc to Vss Potential -O0.5Vto7V 





Power Dissipation (Package Limit) 


NOTES: 


1. Stresses greater than those listed under “Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating for 
transient conditions only. Functional operation of the device at these or any other conditions above those indicated in the “Operating Range” 
of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability. 


2. Outputs should not be shorted for more than 30 seconds. No more than one output should be shorted at any time. 





OPERATING RANGES 
| SYMBOL | __PARAMETER ss |_MIN | TYP | MAX | _UNIT_ 


| Ta___| Temperature,Ambient | 0 | | 70 | °C_ 
IL 
VIH 













[vss__| Supply Votage | 0 
Logic "0" Input Voltage ' | -0.5 | 
Vin | Logic "1" Input Voltage eet 


NOTE: © 
1. Negative undershoot of up to 3.0 V is permitted once per cycle. 


DC ELECTRICAL CHARACTERISTICS 
SYMBOL | _PARAMETER _—|_—=s—CTESTCONDITIONS | (MIN |_TYP_| 


Operating Current ' tcYCLE = minimum 


fo 
cer | sary cur | A Eo] || 
Cee | Sendyourn ——[Eevy ] t  a 
pu enape Guan | Vor=8Vun=0veve® | -2 | | 2 
FrOLenage cures | Voo=8v.vn=0Veves | -2 | [2 
Foupaignvetge —[ioi=—aana aa || 














ion E> Vcc-0.2V 
VDR Data Retention Voltage All other inputs 


(Vcc — 0.2 V) < Vin < (0.2 V) 












Vcc = 3 V, E>Vec-0.2 V 
All other inputs 
(Vcc — 0.2 V) < Vin < (0.2 V) 





Data Retention Current 





NOTE: 
1. Icc is dependent upon output loading and cycle rates. Specified values are with outputs open. 
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AC TEST CONDITIONS 
[PARAMETER |RATING _| 
[Input Rise and FallTimes | Ss 


CAPACITANCE 12 
[raraweren [Rat 


NOTES: 

1. Capacitances are maximum values at 25°C measured at 1.0MHz Figure 3. Output Load Circuit 
with Vpias = 0 V and Vcc = 5.0 V. 

2. Guaranteed but not tested. 







480 OHMS 





DQ PINS 







255 OHMS Cioap=30 pF ™ 








* INCLUDES JIG AND SCOPE CAPACITANCES 





DATA RETENTION TIMING 


E must be held above the lesser of Vin or Vcc — 0.2 V 
to prevent improper operation when Vcc < 4.5 V. E must 
be Vcc — 0.2 V or greater to meet IDR specification. All 
other inputs must be held at CMOS input levels (Vcc — 
0.2 V) < Vin < (0.2V). 





Figure 4. Data Retention Timing 
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AC ELECTRICAL CHARACTERISTICS ! (Over Operating Range) 










UNITS 


SYMBOL DESCRIPTION ae 
| MIN | MAX _ 


tASL 
tAHL 
{LEA 
{LM 
tLH 












Output Hold from Address Change 
utput Hold from Latch High 


Low to Valid Data 

Low to Output Active 23 

High to Output High-Z 27 

Low to Valid Data 

tsiz 
High to Output High-z 2 

Low to Valid Data 

Low to Output Active ae 


e) 


tELZ 


|} M1} 1] Mt} mi mij mi 


_ — N 
(2) N N 


5 
N 


v 
= 
mi 
Q 
«< 
OQ 
fe 
mi 


| 
= 
© 
> 
S 
oO 
5 
oO 
= 
= 
G 
> 
N 
ho 
@ 


DID 
2 
» |< 
n 
2 
Cc 
Ke) 
re] 
3 
=||= 
xr 
G |r 
> 


tRcs 
ead Hold from W Low 
OW to Power Up Time . 


HIGH to Power Down Time ? 


rite Cycle Time 
ow to End of Write 


OW to End of Write 
Address Valid to End of Write 
Address Setup to Start of Write 


|| m 
_ 


_ 
© 
—_ _ 
nn ol 
GO 
NJ 


mi 









I 
add | ed 


Address Hold from W High 


 taHL Address Hold from Latch Enable 


tLHW 
waz 


NOTES: 

1. AC Electrical Characteristics specified at "AC Test Conditions” levels. 

2. Active output to High-Z and High-Z to output active tests specified for a +500 mV transition from steady state levels into the test load. 
CLoad = 5 pF. 

3. Guaranteed but not tested. 


tASL Address Setup to Latch Enable 
LHM 


rer 
“FRE PEER bB 


—_ 
(oe) 
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TIMING DIAGRAMS — READ CYCLE 


Read Cycle No. 1: (Unlatched Address Controlled 
Read) | 

Chip is in Read Mode: ALE is HIGH (transparent 
mode), E and G are LOW. Read cycle timing is referenced 
from when all addresses are stable until the first address 
transition. Crosshatched portion of Data Out implies that 
data lines are in the Low-Z state but the data is not 
guaranteed to be valid until taa. 


ADDRESS 


Read Cycle No. 2: (Uniatched Chip Enable 
Controlled Read) 

Chip is in Read Mode: ALE is HIGH (transparent 
mode). Read cycle timing is referenced from when E, S. 
and G are stable until the first address transition. Cross- 
hatched portion of Data Out implies that data lines are in 
the Low-Z state but the data is not guaranteed to be valid. 


VALID ADDRESS 


XXX previous oaTa XK KK) XXX 


Figure 5. Read Cycle No. 1 


ADDRESS 


LASAASL 








VALID ADDRESS 


= 


f/{ffyV 


VALID DATA 


Figure 6. Read Cycle No. 2 
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TIMING DIAGRAMS - READ CYCLE (cont'd) 


Read Cycle No. 3 (Latched Address Controlled ALE, then the access time is tLea. If the address is valid 
Read) after ALE is HIGH (or if ALE is tied HIGH) then the access 

Chip is in Read Mode: Wis HIGH, E, Sx, St and G are time is taa. Crosshatched portion of Data Out implies that 
LOW. Both taa and tLEA must be met before valid data is data lines are in the Low-Z state but the data is not 
available. If the address is valid prior to the rising edge of guaranteed to be valid until taa. 


ADDRESS 





Figure 7. Read Cycle No. 3 
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TIMING DIAGRAMS — READ CYCLE (cont'd) 
Read Cycle No. 4 is not specified to be valid until tea, tsa and taa, but may 


Chip is in Read Mode: Timing illustrated for the case become active as early as teLz, tsiz or taiz. 
when addresses are valid before E goes LOW. Data Out 


tast tAHL 
appress KKKKK __vauoanoress| KX XXXAKKAAMAAKAA 


1 


tacH 


Ts 
— 
F£li fly 


VALID DATA 
LAA ASN 





Figure 8. Read Cycle No. 4 
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TIMING DIAGRAMS — WRITE CYCLE 


Addresses must be stable during unlatched Write 
cycles. The outputs will remain in the High-Z state if W is 
LOW when E and Su / St go LOW. If G is HIGH, the 
outputs will remain in the High-Z state. Although these 
examples illustrate timing with G active, it is recom- 
mended that G be held HIGH for all Write cycles. This will 
prevent the LH521028’s outputs from becoming active, 
preventing bus contention, thereby reducing system 
noise. 


ADDRESS 


PREVIOUS OUTPUT 


PRELIMINARY INFORMATION 


LH521028 


Write Cycle No. 1 (Unilatched W Controlled Write) 


Chip is selected: E, G, and Sy / S_ are LOW, ALE is 
High. Using only W to control Write cycles may not offer 
the best performance since both twuz and tow timing 
specifications must be met. 


Write Cycle No. 2 (E, SL, SH Controlied Write) 
Gis LOW. DQ lines may transition to Low-Z if the falling 


edge of W occurs after the falling edge of E, SH/S_ if G is 
LOW. 





Figure 9. Write Cycle No. 1 


two 


eS 


ADDRESS 


VALID ADDRESS 


AUNUTNN 


ees 


“eo 


XY 


NNN VALID DATA 





Figure 10. Write Cycle No. 2 
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TIMING DIAGRAMS — WRITE CYCLE (cont'd) 


Write Cycle No. 3 (Latched W Controlled Write) Write Cycle No. 4 (E Controlled) 


Chip is selected: E,G, and SH/SLtare LOW. | Gis LOW. DQ lines may transition to Low-Z if the falling 
edge of W occurs after the falling edges of E and SH/S;. 


aporess == XXX __vauoaooness KX KKXXXXAKMKAKKA 


twuz 


| as 
VALID DATA 


Figure 11. Write Cycle No. 3 





sooness er XX me XX 
a awit tor 
ton 


Isiz 


EK vaooara 





Figure 12. Write Cycle No. 4 


4-178 SHARP . 


CMOS 64K x 18 Static RAM 


BYTE OPERATIONS 


ADDRESS 


PRELIMINARY INFORMATION 


LH521028 


KXXXXXXXXAK, arp avons KXKKKKXXXAMM 


ae es ee 
Rent =e 


i (XXX[ aware |) 


(1) (2) (3) (4) 





Figure 13. Byte Read: (E is LOW and W Is HIGH) 


Byte Read Description (Figure 13) 


To read individual bytes, the device must be enabled 
(E is LOW), W must be HIGH, the outputs must be 
enabled (G is LOW) and the addresses must be either 
stable or latched with ALE. The above diagram is one 
example of the byte read capabilities of this device. The 
example shows two read operations. The first is a read of 
the high byte of the current memory location and the 
second is a read of the low byte of the memory location. 


(1) At the beginning of the cycle both S_ and Sy are 
HIGH. 


(2) SH goes LOW initiating a Read on the upper byte 
DQuH(g-17). SL remains HIGH keeping the lower byte 
DQt(0-8) disabled and in a high-impedance mode. 


(3) St goes LOW activating DQ1(0-8).Valid data is avail- 
able in tsa following SL going LOW. 


(4) When SH goes HIGH, DQH(g9-17) remains valid for 
tsHz before returning to a high-impedance condition. 


(5) Finally, the Read for the lower byte is terminated by 
deasserting St (HIGH). DQL(-8) remains active for 
tsHz following St going HIGH. 
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BYTE OPERATIONS (cont’d) 


ADDRESS 


L// 


= aia aa = 


DATA IN ( —parainm] | 


(3) 





XX) «7 XXXXXY 


\ 


(4) (5) 


Figure 14. Byte Write: (E is LOW) 


Byte Write Description (Figure 14) 


To do individual byte-write operations, the device must 
be enabled (E is LOW, G is don’t care) and addresses 
must be either stable or latched. The above diagram is 
one example of the byte-write capabilities of this device. 
The diagram shows two write operations with unlatched 
addresses. The first is a write to the low byte of memory 
location N and the second is a write to the high byte of 
memory location M. 


(1) W goes LOW while SL and SH remain HIGH. 


(2) SL goes LOW initiating a Write into the lower byte 
DQt(0-8) of memory location N. SH remains HIGH 
preventing a Write into the upper byte DQi(9-17) of 
memory location N. 


(3) SL now goes HIGH terminating the Write operation 
on the lower byte of memory location N. 


(4) Address N is changed to M. 


(5) The Write operation is now initiated on the upper byte 
DQu¢-17) by bringing SH LOW. St remains HIGH 
preventing a Write operation from occurring in the 
lower byte DQL(0-8) of memory location N+ 1. 


(6) SH now goes HIGH terminating the Write operation 
on the upper byte of address M. 


(7) W goes HIGH, ending the Write operation. 
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ORDERING INFORMATION 








LH521028 U - ## 
Device Type Package Speed 20 
25 ; 
30 Access Time (ns) 
35 


52-pin, Plastic Leaded Chip Carrier (PLCC52-P-750) 
CMOS 64K x 18 Static RAM 


Example: LH521028U-25 (CMOS 64K x 18 Static RAM, 25 ns, 52-pin, Plastic Leaded Chip Carrier) 


521028MD 
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FEATURES High-frequency design techniques should be em- 
| ployed to obtain the best performance from this device. 
e Separate Data In and Data Out Solid, low-impedance power and ground planes, with 
: high-frequency decoupling capacitors, are recom- 
e Reduces Chip Count and mended. Series termination of the inputs should be con- 
Increases Performance sidered when transmission line effects occur. 
e Fast Access Times: 20/25/35 ns PIN CONNECTIONS 


e Space Saving 32-Pin, 400-mil SOJ 

e Low Power Standby When Deselected 
e TTLCompatible I/O 

e 5V+10% Supply 

e Fully Static Operation 


FUNCTIONAL DESCRIPTION 


The LH521032 is a high-speed 1,048,576-bit static 
RAM organized as 256K x 4 with separate Data Input and 
Output buses. 


_ This RAM is fully static in operation. The Chip Enable 
(E) gates power to the chip when E is HIGH. Standby 
power (Isp1) drops to its lowest level when E is raised to 
within 0.2 V of Vcc. 


Write cycles occur when both E and Write Enable (W) 
are LOW. Data is transferred from the Data In pins to the 
memory location specified by the 18 address lines. 


Read cycles occur when E is LOW and W is HIGH. A Figure 1. Pin Connections for SOJ Package 
Read cycle will begin upon an address transition, on a 
falling edge of E, or on a rising edge of W. Data will be 
output on the Data Out pins. The Data Out pins become 
high-impedance during Write operations, with the con- 
tents of the Data In bus flowing-through to the Data Out 
bus. 


32-PIN SOJ 
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MEMORY ARRAY 
(262,144 x 4) 


us 
Q 
Q 
oO 
Ww 
a 
> 
fe) 
ts 


(LSB) ft | 


= VO CIRCUIT 
a BLOCK COLUMN 
DECODE DECODE 


Ag As Ayy Ai2 Aig = Ara. Arg Ais 
(MSB) (LSB) (MSB) (LSB) 


\/ 


HW 





TRUTH TABLE 


PH | x | Netselected | Dont care | Highz | Stancby _ 
PL | H | Read | DontCare | DataOut_| Active 
pep Pwte owen —[rignz [ace — 


PIN DESCRIPTIONS 


| PIN, =| ~CESCRIPTION, 
Address Inputs 
| Do-Ds_ | Data Inputs 









| PIN, ~— | _——————SCéDESCRIPTION, 
PW | Wie crabenpt 
veo | Poste Poe Supy 






| Qo-Gs__| Data Outputs 
|E | Chip Enable input 
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ABSOLUTE MAXIMUM RATINGS ' 

| PARAMETER | RATING 
| Input Votage Range | -0.5 VIO Veo +05 
| DC Output Current? | 40m 
Storage Temperature Range 


NOTES: 


1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating for 
transient conditions only. Functional operation of the device at these or any other conditions above those indicated in the "Operating Range” 
of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability. 


2. Outputs should not be shorted for more than 30 seconds. No more than one output should be shorted at any time. 


















OPERATING RANGES 
|symBot | PARAMETER | MIN, | Typ | MAX | _UNIT | 


|Ta | Temperature, Ambient | 0 | | 70 | °C 
|Voc | SupplyVoltage | 45 | | 55 | OV 
|Vss__| SupplyVotage | 0 | | | 
|Vi__| Logic"o" input Voltage! | -05 | | os | Vv 
Logic "1" input Votage | 22 | | Vec+05 | V 


NOTE: 
1. Negative undershoot of up to 3.0 V is permitted once per cycle. 












DC ELECTRICAL CHARACTERISTICS 


Operating Current Outputs open, tRc = min 
Standby Current E> Vcc-0.2V 
Standby Current 


1. Icc is dependent upon output loading and cycle rates. Specified values are with outputs open, operating at specified cycle times. 





NOTE: 
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AC TEST CONDITIONS 
| PARAMETER |RATING | 


[Input Rise and FallTimes | Sins 


CAPACITANCE 12 


NOTES: 

1. Capacitances are maximum values at 25°C measured at 1.0MHz 
with Vgias = 0 V and Vcc = 5.0 V. 

2. Guaranteed but not tested. 
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LH521032 


480 OHMS 


DQ PINS 


* INCLUDES JIG AND SCOPE CAPACITANCES 


Figure 3. Output Load Circuit 


AC ELECTRICAL CHARACTERISTICS ' (Over Operating Range) 









Read Cycle Timing 

Address Access Time 

Output Hold from Address Change 
E Low to Valid Data 

E Low to Output Active 2° 

E High to Output High-z 2° 

E Low to Power Up Time ? 

E High to Power Down Time ° 


C 






ELZ 


eax 


PU 







NOTES: 


1. AC Electrical Characteristics specified at "AC Test Conditions” levels. 


SYMBOL DESCRIPTION 


READ CYCLE 


— 
© 


mT 


CLE 


| WRIT 
[tew | Elowtotndofwrite 
[ton | Input DataHoldTime 


-~s = 

o1 oO 
—_ 1) 
oO oi 







UNITS 





ol 






2. Active output to High-Z and High-Z to output active tests specified for a +200 mV transition from steady state levels into the test load. 


3. Guaranteed but not tested. 
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TIMING DIAGRAMS — READ CYCLE 


Read Cycle No. 1 


Chip is in Read Mode: Wis HIGH, and E is LOW. Read 
cycle timing is referenced from when all addresses are 
stable until the first address transition. Crosshatched 
portion of Do — Ds implies that data lines are in the Low-Z 
state and the data may not be valid. 


tac 


scones Xan = 


Read Cycle No. 2 


Chip is in Read Mode: W is HIGH. Timing illustrated 
for the case when addresses are valid while E goes LOW. 
Data Out is not specified to be valid until tea, but may 
become valid as soon as teELz. 


KX KAS KKK 
XXX A PREVIOUS DATA x A XX A VALID DATA 





Figure 4. Read Cycle No. 1 


a 
a: 


CX XXX ) VALID DATA 


ys 


CURRENT 


Figure 5. Read 





Cycle No. 2 
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TIMING DIAGRAMS — WRITE CYCLE Write Cycle No. 1 (W Controlled) 
Addresses must be stable during Write cycles. E or W Chip is selected: E is LOW. 
must be high during address transitions. The outputs will Write Cycle No. 2 (E Controlled) 


remain in the High-Z state if W is LOW when E goes LOW. ¥ 
__ DQ|ines may transition to Low-Z if the falling edge of 


W occurs after the falling edge of E. 


ADDRESS VALID ADDRESS 


IN: 


DATA IN VALID 


Qy-Q3  DATAUNDEFINED 





Figure 6. Write Cycle No. 1 


ADDRESS ; VALID ADDRESS 


tas t AH 


AQ WLLL, 


tow 


tou 


OK eran ) 


Figure 7. Write Cycle No. 2 








SHARP 4-187 


LH521032 


ORDERING INFORMATION 


LH521032 


Device Type 


K 
Package 


PRELIMINARY 256K x 4 Separate I/O Static RAM 


- ## 
Speed 


20 
25 Access Time (ns) 
35 | 


32-pin, 400-mil SOJ (SOJ32-P-400) 


256K x 4 Separate I/O Static RAM 





Example: LH521032K-25 ( 256K x 4 Separate I/O Static RAM, 25 ns, 32-pin, 400-mil SOJ ) 


4-188 


SHARP 


GENERAL INFORMATION -— 1 
DYNAMIC RAMs —- 2 
PSEUDO STATIC RAMs — 3 
STATIC RAMs — 4 


EPROMs/OTPROMs — 5 





MASK PROGRAMMABLE ROMS — 6 


FIFO MEMORIES — 7 


FIELD MEMORIES — & | 


| APPLICATION AND TECHNICAL INFORMATION -— 9 | 


, PACKAGING — 10 








LH5749/J 


CMOS 64K (8K x 8) OTPROM/EPROM 





FEATURES 
e 8,192 x 8 bit organization 


e Access times: 
LH5749J: 55/70 ns (MAX.) 
LH5749: 70 ns (MAX.) 


e Low power consumption: 
394 mW/(MAX.) 


e Single +5 V power supply 
e Fully static operation 

e TTLcompatible I/O 

e Three-state outputs 


e High speed programming: 


SHARP original programming algorithm 


(32 second programming) 


e Pin compatible with Bipolar PROM 


e Packages: 
EPROM 
24-pin, 600-mil CERDIP 
OTPROM 
24-pin, 600-mil DIP 
24-pin, 300-mil SK-DIP 
24-pin, 300-mil SDIP 


e JEDEC standard pinout (CERDIP/DIP) 


SHARP 


DESCRIPTION 


The LH5749J is a high-performance 64K, UV eras- 
able, electrically programmable read-only-memory, or- 
ganized as 8,192 x 8 bits. It is manufactured in an 
advanced CMOS technology which allows it to operate 
at Bipolar speeds while consuming only 75 mA. 


The LH5749J is packaged in 24-pin CERDIP which 
is pin-compatible to bipolar PROM. 


The LH5749 is a one-time PROM packaged in plastic 
DIP. 


PIN CONNECTIONS 


24-PIN CERDIP ' TOP VIEW 


O) 


oOOnN DO &F WO ND = 


24-PIN DIP 
24-PIN SK-DIP 
24-PIN SDIP 





Figure 1. Pin Connections for CERDIP, DIP, 
SK-DIP and SDIP Packages 
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LH5749/J | CMOS 64K (8K x 8) OTPROM/EPROM 


ROW 
ADDRESS 
DECODER 


65,536 
CELL MATRIX 


COLUMN | : COLUMN OUTPUT 


ADDRESS | 
DECODER | CONTROLLER 


sonal | OUTPUT 


SIGNAL 
GENERATOR 





Figure 2. LH5749/J Block Diagram 


PIN DESCRIPTION 


[SIGNAL _*PINNAME 
Ao - Ai2 Address input 
| Oo-O7 Data output (input) 


oe Select/Program 


NOTE: 
1. Oo -O7pins are also used to input data to the column output controller through input buffers in programming mode. 





SIGNAL__[PINNAME _|_NOTE 


Power supply ral 
Ground aati 





TRUTH TABLE 


nea 
Output disable 


Program Program inhibit 


NOTE: 
1. H=Vin, L= Vit 








5-2 SHARP 


CMOS 64K (8K x 8) OTPROM/EPROM LH5749/J 





ABSOLUTE MAXIMUM RATINGS 
nan eS 


Supply voltage 


-0.6 to +7.0 
Operating temperature 0 to +70 [86 
Storage temperature Tstg “65 to +150 
-55 to +150 
lai 


The maximum applicable voltage on any pin with respect to GND. 

Maximum ratings are those values beyond which damage to the device may occur. 
2. Applied to ceramic package. : 
3. Applied to plastic package. 





RECOMMENDED OPERATING CONDITIONS (Read Mode) (Ta = 0 to +70°C) 


[PARAMETER | SvwBoL [win [| WR | WAX | _UNT_ 
[Supply votage | Veo | 475 | 50 | 525 
input "Low" volage | Ve | 01 | +| 08 
input High" voltage | Vm | 20 | | Voo+03 


DC CHARACTERISTICS (Read Mode) (Vcc = 5 V+ 5%, Ta =0 to +70°C) 
[PARAMETER [SYMBOL [ _CONDONS | WN | TYR | MAX | UNIT | NOTE 


[ea eaage coro | u_["Vneowborves [ae [Tae [ya [ 
[Output leakage current | ho | Vour=GND or Voc | 10 
Tee] 


lec: | | CMOSinput = || 

| tcce | = TTLinpt =—s || 
| Input "Low" voltage | Vn | OT 
| Input "High" voltage | Vn | Cid: 
| Output "Low" voltage | Vor | la=16mA || 
| Output "High" voltage | Von |  —_lon=-4mA_— | 2.4 | 


NOTES: 

1. Minimum cycle time, lout = 0 mA 
2. Vin = GND + 0.3 V or Vcc + 0.3 V 
3. Vin = Vit or Vin 














AC CHARACTERISTICS (Read Mode) (Vcc = 5 V+ 5%, Ta =0 to +70°C) 


| LH5749J-70 
LH5749J-55 
PARAMETER SYMBOL LH5749/D/T-70 


| Address valid to output valid | output valid 


| Chip select to output valid | tes | 
Chip disable to output in High Z tbe) | 
| Output hold from address | ton | 
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LH5749/J 7 | CMOS 64K (8K x 8) OTPROM/EPROM 





AC TEST CONDITIONS 


_——PaRAweTeR [Raw 











L 


* INCLUDES JIG AND SCOPE CAPACITANCES 





CAPACITANCE (Ta = 25°C, f = 1MHz) 


A A BD 
[Output capacitance | Cour | Vor-ov || 8 | 12 | oF 


HIGH-IMPEDANCE 





Figure 4. Timing Diagram (Read Mode) 


RECOMMENDED OPERATING CONDITIONS (Program Mode ) (Ta = 25°C + 5°C) 


| Supply voltage 


ae 
Input “Low” voltage a a 
| 


Input "High" voltage 
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CMOS 64K (8K x 8) OTPROM/EPROM LH5749/J 





DC CHARACTERISTICS (Program Mode) 


(Vcc = 6.0 V+ 0.25 V, CS/Vpp = 13.0 + 0.3 V, Ta = 25°C + 5°C) 
[——"PARAWETER | SvMBOL_[ CONDITIONS _[ WIN. | TYR | MAX | _UNT 


ee nae ENN RN A EAA RE NTE TAA SoA Sle TNE NEARS 


|Inputleakage current | us =| Viw=Vecoro4sv | to | | 10 A 

















| 
CSivep current | rp | Programming [| —*+| 75 | ma 
Voc supply current’ | oc | SSSS—S~CSCSC~dCSSSCSCii sm 
Vinput"Low" voltage | wu | —SOSs—~—“—~S—S Cid 
input “High” votage | Vm | ——Ss=~—~SS~—SY Sn dE SC*d ec | 
Output “Low voltage | Va | lastémA | ——SOidYSCtC“‘~‘*~srCtSSCdESC 
Output “High” voltage | Vou | low=-4mA+| 2a [s«dY Si 


NOTES: 
1. The program pulse CS/Vpp must be applied after Vcc is stable and inhibited before Vcc is turned off. 
2. CS/Vpp must not be greater than 14 volts including overshoot. 


AC CHARACTERISTICS (Program mode) 
(Vcc = 6.0 V + 0.25 V, CS/Vpp = 13.0 V+ 0.3 V, Ta = 25°C + 5°C) 


RN 


Address setup time 


CS/vep fall time ce 


Program pulse count 


{ 





Figure 5. Timing Diagram (Program Mode) 





SHARP 5-5 


LH5749/J 


PROGRAMMING 


Upon delivery from SHARP or after each erasure 
(see Erasure section), the LH5749 and LH5749J have 
all 8192 x 8 bits in the "1", or high state. "0O’s” are 
loaded into the LH5749 and LH5749J through the pro- 
cedure of programming. 


The programming mode is entered when +13.0 V is 
applied to the CS/Vpp pin. A0.1 pF capacitor between 
CS/Vpp and GND is needed to prevent excessive volt- 
age transients, which could damage the device. The 
address to be programmed is applied to the proper 
address pins. 8 bit patterns are placed on the respec- 
tive data pins. The voltage levels should be standard 
TTL levels. 


ERASURE 


In order to clear all locations of their programmed 
contents, it is necessary to expose the LH5749J to an 
ultraviolet light source. A dosage of 15 W-second/cm? 
is required to completely erase an LH5749J. This dos- 
age can be obtained by exposure to an ultra-violet lamp 
(wave-length of 2,537 Angstroms (A)) with intensity of 
12,000 W/cm? for 20 to 30 minutes. The LH5749J 
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CMOS 64K (8K x 8) OTPROM/EPROM 


should be about one inch from the source and all filters 
should be removed from the UV light source prior to 
erasure. 


It is important to note that the LH5749J and similar 
devices, will erase with light sources having wave- 
length shorter than 4,000 A. Although erasure times 
will be much longer than with UV sources at 2,537 A, 
the exposure to fluorescent light and sunlight will even- 
tually erase the LH5749J and exposure to them should 
be prevented to realize maximum system reliability. If 
used in such an environment, the package windows 
should be covered by an opaque label or substance. 


CAUTION 


Fluorescent light and sunlight contain UV rays which 
will gradually erase the EPROM. To prevent deterio- 
ration of EPROM data due to UV rays, it is recom- 
mended that EPROMs should not be left under direct 
sunlight or fluorescent light, or the package window 
should be covered with an opaque material. 


Care must be taken to avoid friction between pack- 
age window and plastics or the like, as the resulting 
static-electric build-up may cause faulty operation. 


SHARP 


CMOS 64K (8K x 8) OTPROM/EPROM LH5749/J 


{ START 


ADDRESS =- START ADDRESS 
I Voc = 6.0 V 


PROGRAM (tpw = 1ms) Vpp = 13.0 V 


1 ADDRESS 
| > ADDRESS +1 


ALL BYTES VERIFY 


{PASS 


' DEVICED PASSED (STOP) DEFECTIVE ) 





Figure 6. Programming Flowchart 


ORDERING INFORMATION 


LH5749 X - ## 
Device Type Package Speed 


55” 
L_J 70 Access Time (ns) 


OTPROM 


D 24-pin, 300-mil SK-DIP (DIP24-P-300) 

T 24-pin, 300-mil SDIP (SDIP24-P-300) 
Blank 24-pin, 600-mil DIP (DIP24-P-600) 
EPROM 

J 24-pin, 600-mil CERDIP (WDIP24-G-600) 


* EPROM Only CMOS 64K (8K x 8) OTPROM/EPROM 
Example: LH5749D-55 (CMOS 64K (8K x 8) OTPROM, 55 ns, 24-pin, 300-mil SK-DIP) 
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LH5762/J 


CMOS 64K (8K x 8) OTPROM/EPROM 





FEATURES 
e 8,192 x 8 bit organization 


e Access times: 
LH5762J: 55/70 ns (MAX.) 
LH5762: 70 ns (MAX.) 


e Single +5 V power supply 


e Low power consumption: 
Operating: 394 mW (MAX.) 
Standby: 78.75 mW (MAX.) 


e Fully static operation 
e Three-state outputs 
e TTLcompatible /O 


e High speed programming: 
Compatible to INTEL intelligent 
programming™ algorithm 
(32 second programming) 


e Pin compatible with the 12764 


e Packages: 
EPROM 
28-pin, 600-mil CERDIP 
OTPROM 
28-pin, 600-mil DIP 


e JEDEC standard pinout 


DESCRIPTION 


The LH5762J is a high-performance 64K, UV eras- 
able, electrically programmable read-only-memory, or- 
ganized as 8,192 x 8 bits. It is manufactured in an 
advanced CMOS technology, which allows it to operate 
at Bipolar speeds while consuming only 75 mA. 


The LH5762J has very high output drive capability. 
It can source 4 mA and sink 16 mA per output. 
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The LH5762J is configured in the standard EPROM 
pinout which provides an easy upgrade path for systems 
that are currently using standard EPROMs. 


The LH5762 is a one-time PROM packaged in plastic 
DIP. 


PIN CONNECTIONS 


TOP VIEW 


28-PIN CERDIP 


28-PIN DIP 


Figure 1. Pin Connections for CERDIP and DIP 
Packages 


SHARP 


CMOS 64K (8K x 8) OTPROM/EPROM LH5762/J 


ROW 65,536 
ADDRESS CELL MATRIX 


COLUMN OUTPUT 
CONTROLLER 


OUTPUT 
BUFFER 





Figure 2. LH5762/J Block Diagram 


PIN DESCRIPTION 


[SigNat—[__-PINNAME | NOTE 
Ao - Ai2 Address input 
Data output (input) 


| A= Ana ee 
| 00-07 
| CE | Chip Enable input | 
| OE | Output Enable input | 

a 
















Program power |_| 
[Vee [Power supply | — 
[GND [Ground 
[Nc _[ Non connection | 









CE 
Output Enable input | 
NOTE: 
1. Oo - O7 pins are also used to input data to the column output controller through input buffers in programming mode. 





TRUTH TABLE 





ee 
rRead | Dataow | | | 4 
[Standby | High [| x [x [ev [| vey 
[Program | Datain [| HW | Lvov | i25v_ 

Program [Datacut ft | 

maa | 






Data out pH | +6V | +125V_ 
Programinhbit_| _HighZ |__| 
NOTE: 


X=Horl,H=Vin,l=Vit 
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LH5762/J CMOS 64K (8K x 8) OTPROM/EPROM 





ABSOLUTE MAXIMUM RATINGS 






-0.6 to +13.5 V 
0610470 


Operating temperature 
Cc 


Storage temperature Tstg 210 1190 ° 
-55 to +150 


NOTES: 
1. The maximum applicable voltage on any pin with respect to GND. 
Maximum ratings are those values beyond which damage to the device may occur. 
2. Applied to ceramic package. 
3. Applied to plastic package. 







Supply voltage 





RECOMMENDED OPERATING CONDITIONS (Read Mode) (Ta = 0 to +70°C) 
[PARAMETER | SYMBOL | WIN, [TR | WAX | UNTT| 


| Supply voltage 


Finput "High voltage | Vn 



























Input leakage current Fk Vin = GND or Vcc 
Output leakage current | ho | Vout = GND or Vcc 
Vee supply current | Ip | _Vep=Voo | 





Voppinvokage | We |S —~*d Won-0a 
CE = Vcc +0.3 V 
CMOS input 
CE = Vin, TTL input 


ho 

ILo 

Vpp 
| tsae | CE: eee 
Remon St gee 
Finput "Low" voltage | Va | SSC~*sCSC 
ee ee ee 
- aaa 







Vcc standby current 







Input "High" voltage 
| Output "Low" voltage 


| Output "High" voltage 
NOTES: 

1. Minimum cycle time, lout = 0 mA 

2. CMOS input: Vin = GND + 0.3 V, or Vcc + 0.3 V 
3. TTLinput: Vin = Vit or Vin 






lo. = 16mA 
[tow=-4ma | 2a 
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CMOS 64K (8K x 8) OTPROM/EPROM LH5762/J 





AC CHARACTERISTICS (Read Mode) (Vcc = Vpp=5 V+ 5%, Ta = 0 to +70°C) 


LH5762J-70 
LH5762J-55 
PARAMETER SYMBOL | unsrens-s5 LHS762-70 UNIT 














CE to ouput delay SS—*dSite 
[OE to output delay ——SS~dCit 
[Output enable high to output oat | tor 


AC TEST CONDITIONS 
PARAMETER 


_——PaRameTeR [naming 








input capacitance” [cn | Wweov |] ee 
Fouputcapacttancs | Cor —+| Vor-ov | ‘| es | 2 | pF 


HIGH Z 





Figure 4. Timing Diagram (Read Mode) 
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LH5762/J CMOS 64K (8K x 8) OTPROM/EPROM 





RECOMMENDED OPERATING CONDITIONS (Program Mode) (Ta = 25°C + 5°C) 
[PARAMETER | SYMBOL | MIN | TYR | MAX. | UNIT 


Supply voltage 
Vin 
VIH 


Input voltage pM 


DC CHARACTERISTICS (Program Mode) 
~ (Voc = 6.0 V+ 0.25 V, Vpp = 12.5 V+ 0.3 V, Ta = 25°C + 5°C) 


PARAMETER 
Input leakage current Vin = Vcc or 0.45 V 


i 
Vcc supply current | 
Vpp supply current 
Input “Low” voltage V 

V 


LI 
cc 
IL 
Input “High” voltage IH 
OL 
OH 





lon = -4 mA 


CE = PGM= Vit 
lot = 


Output "Low" voltage V 
Output "High" voltage V 





AC CHARACTERISTICS (Program Mode) 
(Vcc = 6.0 V+ 0.25 V, Vpp = 12.5 V+ 0.3 V, Ta = 25°C + 5°C) 


[Address setuptime——=SC«dtCit 
| Chip enable setup time 
[output enable setup time | toes _ 
[Data setup time | tos 
[Address holdtime Sista 
Data hoidtime «dt 
[Chip enable to output float delay | tor 


Vpp setup time 


tor 
Data valid from output enable | toe 
Vcc setup time 


PGM pulse width 


Add PGM pulse width 


Program pulse count ; oN 


NOTE: 
1. This width is defined by the Program Flowchart (Figure 6). 
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CMOS 64K (8K x 8) OTPROM/EPROM 


LH5762/J 





Figure 5. Timing Diagram (Program Mode) 


PROGRAMMING 


Upon delivery from SHARP or after each erasure 
(see erasure section), the LH5762 and LH5762J have 
all 8,192 x 8 bits in the "1", or high state. "0's" are 
loaded into the LH5762 and LH5762J through the pro- 
cedure of programming. 


The programming mode is entered when +12.5 V is 
applied to the Vpp pin and CE is at Vit. A0.1 pF 
capacitor between Vpp and GND is needed to prevent 
excessive voltage transients, which could damage the 
device. The address to be programmed is applied to 
the proper address pins. 8-bit patterns are placed on 
the respective data pins. The voltage levels should be 
standard TTL levels. 


ERASURE 


In order to clear all locations of their programmed 
contents, it is necessary to expose the LH5762J to an 
ultra-violet light source. A dosage of 15 W-second/cm? 
is required to completely erase an LH5762J. This dos- 
age can be obtained by exposure to an ultra-violet lamp 
(wave-length of 2,537 Angstroms (A)) with intensity of 
12,000 W/cm? for 20 to 30 minutes. The LH5762J 
should be about one inch from the source and all filters 
should be removed from the UV light source prior to 
erasure. 


It is important to note that the LH5762J and similar 
devices, will erase with light sources having wave- 
length shorter than 4,000 A. 


Although erasure times will be much longer than with 
UV sources at 2,537 A, the exposure to fluorescent 
light and sunlight will eventually erase the LH5762J. 
Exposure to them should be prevented to realize max- 
imum system reliability. If used in such an environment, 
the package windows should be covered by an opaque 
label or substance. 


CAUTION 


Fluorescent light and sunlight contain UV rays which 
will erase the EPROM. To prevent deterioration of 
EPROM data due to UV rays, it is recommended that 
EPROMs should not be left under direct sunlight or 
fluorescent light, or the package window should be 
covered with an opaque material. 


Care must be taken to avoid friction between pack- 
age window and plastics or the like, as the resulting 
static-electric build-up may cause faulty operation. 


1. Vcc must be applied either coincidently or before 
Vpp and removed either coincidently or after Vpp. 


2. Vpp must not be greater than 13.5 volts including 
overshoot. 


3. During CE = PGM = ViL, Vep must not be switched 
from 5 volts to 12.5 volts or vice-versa. 


4. Removing or inserting the device while 12.5 volts 
is supplied may harm the reliability of the device. 





SHARP 
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LH5762/J CMOS 64K (8K x 8) OTPROM/EPROM 


\ START 
ADDRESS =- START ADDRESS 


[OVER PROGRAM (topw = 3:Nms) 


ADDRESS 
Beye ADDRESS = LAST ADDRESS? 


ALL BYTES VERIFY 


PASS 


\ DEVICED PASSED (STOP) DEFECTIVE 





Figure 6. Programming Flowchart 


ORDERING INFORMATION 


LH5762 X - H# 
Device Type Package Speed 


55 * . 
Lf 70 Access Time (ns) 


OTPROM 

Blank 28-pin, 600-mil DIP (DIP28-P-600) 
EPROM 

J 28-pin, 600-mil CERDIP (WDIP28-G-600) 


CMOS 64K (8K x 8) OTPROM/EPROM 
Example: LH5762U-55 (CMOS 64K (8K x 8) EPROM, 55 ns, 28-pin, 600-mil CERDIP) 


* EPROM Only 





LH5763/J 


CMOS 64K (8K x 8) OTPROM/EPROM 





FEATURES 


e 8,192 x 8 bit organization 


e Access times: 
LH5763J: 70/90 ns (MAX.) 
LH5763: 90 ns (MAX.) 


e Single +5 V power supply 


e Low power consumption: 
Operating: 315 mW (MAX.) 
Standby: 1.05 mW (MAX.) 


e Fully static operation 
e Three-state outputs 
e TTLcompatible I/O 


e High speed programming: 


Compatible to INTEL intelligent 


programming™ algorithm 
(32 second programming) 


e Pin compatible with the i2764 


e Packages: 
EPROM 
28-pin, 600-mil CERDIP 
OTPROM 
28-pin, 600-mil DIP 


e JEDEC standard pinout 


SHARP 





DESCRIPTION 


The LH5763J is a CMOS UV erasable and electri- 
cally programmable read-only-memory, organized as 
8,192 x 8 bits. It is pin compatible with the Intel i2764 
and the SHARP LH5764J, and designed to have fast 
access time. 


The LH5763 is a one-time PROM packaged in plastic 
DIP. 


PIN CONNECTIONS 


28-PIN CERDIP TOP VIEW 


O) 


& 
2 
3 
4 
5 

6 
7 
8 
9 


28-PIN DIP 


Figure 1. Pin Connections for CERDIP and 
DIP Packages 
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LH5763/J | CMOS 64K (8K x 8) OTPROM/EPROM 


65,536 
CELL MATRIX 


COLUMN OUTPUT 
CONTROLLER 


OUTPUT 
BUFFER 


Voc GND Vpp 





Figure 2. LH5763/J Block Diagram 


PIN DESCRIPTION 


[Aa Az | Address inputs SS 
[00-07 | Data output input) | 
[CE | Chip Enable input | 
[CET output Enabie input | 
[PEM | Program inputs] id 


NOTE: 
1. Oo -O7 pins are also used to input data to the column output controller through input buffers in programming mode. 










[Siena [Pane [nore 
[Ver | Program power | 
[Veo Power suppy it 

GNO [Ground 
[nc [Non connection ‘| 











TRUTH TABLE 
po MODE] | EE | PM | Vcc | Ve 


Read | Outputdisablo | Highz | 4 | W | H | asv | sev 
[Standby | _Highz [| H [| x | x [sv | asv_| 
[Prograni | Datam | L |W | L | sev | vosv | 
Program | ee ieee A 
ea ae 










H2.5V 
Program inhibit High-Z +12.5V 
NOTE: 


X=Horl, H = Vin, L= Vit 
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CMOS 64K (8K x 8) OTPROM/EPROM LH5763/J 





ABSOLUTE MAXIMUM RATINGS 







0.6 to +7.0 
6t0+185 | V 
0.610 +7.0 


Operating temperature | Topr__[ ows70_ | © | 


Storage temperature Tstg casas ce °C ee 
-55 to +150 a ae 


NOTES: 
1. The maximum applicable voltage on any pin with respect to GND. 
Maximum ratings are those values beyond which damage to the device may occur. 
2. Applied to ceramic package. 
3. Applied to plastic package. 







Supply voltage 





RECOMMENDED OPERATING CONDITIONS (Read Mode) (Ta = 0 to +70°C) 






soon voltage Lec | 475 | s0 | 505 | 
[ver | 47s | 50 | 525 


input Low" vohage | Va [01 | [| 08 | v 
input *High® voltage | Vw | 20 [| | Veowos |v 


DC CHARACTERISTICS (Read Mode) (Vcc = 5 V + 5%, Vpp = Vcc, Ta = 0 to +70°C) 





Input "Low" voltage 
Input “High” voltage VIH Pe ee ed 
Output "Low” voltage VoL 
Output "High" voltage VoH 
Input leakage current I 

e 

Vpp 


Output leakage current 


eS 
[~*d ee=0 





CE = Vcc t0.3V 


NOTES: 
1. Minimum cycle time, lout = 0 mA 


2. CMOS input: Vin = GND + 0.3 V or Vcc + 0.3 V 
3. TTLinput: Vin = Vit or Vin 


AC CHARACTERISTICS (Read Mode) (Vcc = Vpp=5 Vt 5%, Ta = 0 to +70°C) 


| LH5763J-90 
LH5763u-70 


er a Fo EO ET TEES STP SS TS 
——a 
———=— 
2 













CE to ouiput delay Site 
[OE to ouput delay «dite 
[Output enable high to output foat | tor 
[Address to output hold | tow 


tcE 
toF 
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LH5763/J CMOS 64K (8K x 8) OTPROM/EPROM 





AC TEST CONDITIONS 


input votage ampitude | oVwo3V 


780 OHMS 







100 pF * 





3 





* INCLUDES JIG AND SCOPE CAPACITANCES 
Figure 3. Output Load Circuit 


CAPACITANCE (Ta = 25°C, f = 1MHz) 


Tinput capacitance [On | Vw-ov || 4 | 6 | pF 
[Output capacitance | Co | Vor-ov | | 8 | 12 | oF 





Figure 4. Timing Diagram (Read Mode) 


RECOMMENDED OPERATING CONDITIONS (Program Mode) (Ta = 25°C + 5°C) 


Supply voltage 


input "Low" voltage 
Input "High" voltage 
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CMOS 64K (8K x 8) OTPROM/EPROM LH5763/J 





DC CHARACTERISTICS (Program Mode) 
(Vcc = 6.0 V+ 0.25 V, Vpp = 12.5 V+ 0.3 V, Ta = 25°C + 5°C) 





AC CHARACTERISTICS (Program Mode) 
(Vcc = 6.0 V+ 0.25 V, Vpp = 12.5 V+ 0.3 V, Ta = 25°C + 5°C) 





* This width is defined by the Program Flowchart (Figure 6). 


SHARP 5-19 


LH5763/J 


CMOS 64K (8K x 8) OTPROM/EPROM 


INPEDANCE 


DATA INPUT 


DATA OUTPUT 


gare 





Figure 5. Timing Diagram (Program Mode) 


PROGRAMMING 


Upon delivery from SHARP or after each erasure 
(see erasure section), the LH5763 and LH5763J have 
all 8,192 x 8 bits in the "1", or high state. "0’s" are 
loaded into the LH5763 and LH5763J through the pro- 
cedure of programming. 


The programming mode is entered when +12.5 V is 
applied to the Vpp pin and CE is at Vit. AO0.1 pF 
capacitor between Vpp and GND is needed to prevent 
excessive voltage transients, which could damage the 
device. The address to be programmed is applied to 
the proper address pins. 8-bit patterns are placed on 
the respective data pins. The voltage levels should be 
standard TTL levels. 


ERASURE 


In order to clear all locations of their programmed 
contents, it is necessary to expose the LH5763J to an 
ultra-violet light source. A dosage of 15W-second/cm? 
is required to completely erase an LH5763J. This dos- 
age can be obtained by exposure to an ultra-violet lamp 
(wave-length of 2,537 Angstroms (A)) with intensity of 
12,000 uW/cm? for 20 to 30 minutes. The LH5/63J 
should be about one inch from the source and all filters 
should be removed from the UV light source prior to 
erasure. 


It is important to note that the LH5763J and similar 
devices will erase with light sources having wave-length 
shorter than 4,000 A 


Although erasure times will be much longer than with 
UV sources at 2,537 A, the exposure to fluorescent 
light and sunlight will eventually erase the LH5763J and 
exposure to them should be prevented to realize max- 
imum system reliability. If used in such an environment, 
the package windows should be covered by an opaque 
label or substance. 


CAUTION 


Fluorescent light and sunlight contain UV rays which 
will erase the EPROM. To prevent deterioration of 
EPROM data due to UV rays, it is recommended that 
EPROMs should not be left under direct sunlight or 
fluorescent light, or the package window should be 
covered with an opaque material. 


Care must be taken to avoid friction between pack- 
age window and plastics or the like, as the resulting 
static-electric build-up may cause faulty operation. 


1. Voc must be applied either coincidently or before 
Vpp and removed either coincidently or after Vpp. 


2. Vpp must not be greater than 13.5 volts including 
overshoot. 


3. During CE = PGM = Vi, Vpp must not be switched 
from 5 volts to 12.5 volts or vice-versa. 


4. Removing or inserting the device while 12.5 volts 
is supplied may harm the reliability of the device. 
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CMOS 64K (8K x 8) OTPROM/EPROM LH5763/J 


START 


ADDRESS =- START ADDRESS 


Voc = 6.0 V 
Vpp = 12.5V 


OVER PROGRAM (topw = 3:Nms) 
ADDRESS 
— ADDRESS+1 ADDRESS = LAST ADDRESS? 
: Voc = 5.0 V 
Vpp =5.0V 


ALL BYTES VERIFY 


PASS 


DEVICED PASSED (STOP) DEFECTIVE 





Figure 6. Programming Flowchart 


ORDERING INFORMATION 


LH5763 X 


Device Type Package 


70 * 

if 90 Access Time (ns) 
OTPROM 
Blank 28-pin, 600-mil DIP (DIP28-P-600) 
EPROM 
J 28-pin, 600-mil CERDIP (WDIP28-G-600) 
CMOS 64K (8K x 8) OTPROM/EPROM 


* EPROM Only 
Example: LH5763J-70 (CMOS 64K (8K x 8) EPROM, 70 ns, 28-pin, 600-mil CERDIP) 





LH5764/J 


CMOS 64K (8K x 8) OTPROM/EPROM 





FEATURES 


e 8,192 x 8 bit organization 


e Access times: 
LH5764J: 200/250 ns (MAX.) 
LH5764: 200/250 ns (MAX.) 


e Single +5 V power supply 


e Low power consumption: 
Operating: 165 mW (MAX.) 
Standby: 550 wpW (MAX.) 


e High speed programming: 


tpw = 0.1 ms (Vpp = 12.75 V) or 


tpw = 1 ms (Vpp = 12.5 V) 


Compatible to INTEL quick pulse 


programming™ algorithm 
(1 second programming) 


e Fully static operation 

e Three-state outputs 

e TTL senouibls V/O 

e Pin compatible with the i2764 


e Packages: 
EPROM 
28-pin, 600-mil CERDIP 
OTPROM 
28-pin, 600-mil DIP 
28-pin, 450-mil SOP 


e JEDEC standard pinout (CERDIP/DIP) 
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DESCRIPTION 


The LH5764J is a CMOS UV erasable and electrically 
programmable read-only-memory, organized as 8,192 
x 8 bits. It provides low power consumption in standby 
mode. 


The LH5764 is a one-time PROM packaged in plastic 
DIP. 


PIN CONNECTIONS 


28-PIN CERDIP TOP VIEW 


1 
2 
3 
4 
5 
6 
7 
8 


28-PIN DIP 
28-PIN SOP 





Figure 1. Pin Connections for CERDIP, DIP, 
and SOP Packages 


SHARP 


CMOS 64K (8K x 8) OTPROM/EPROM LH5764/J 


ROW 65,536 


ADDRESS CELL MATRIX 
DECODER | 
COLUMN } 


ADDRESS Se 


DECODER COLUMN OUTPUT 


CONTROLLER 


| BUFFER 
Logs ebod 





PIN DESCRIPTION 
[_sigwat_[_PNAWE | _NOTE 


Address input 













SIGNAL NOTE 


[Ver | Program power | 
[Wes | Power supply | 
[end [Ground 
[No Non connection | 






ae 
[09-07 | Data output input) | 1 
[Chip Enable input | 

able inet [| 

ss 










CE 
| OEY Output Enable input 
PGM____| Program input 


NOTE: 
1. Oo - O7 pins are also used to input data to the column output controller through input buffers in programming mode. 





TRUTH TABLE 


Read Output disable L 









Le 
| Output disable | Zo] t 
| Standby | High-Z_ | 
Zoe 
pot 


[Program | Datain | _L 

Program L 
Program inhibit 

NOTE: 


X=HorLl, H=Vin,L= Vi 





- 
+ 
she 
N 
n 
: 
+ 
hk 
iV 
ba | 
on 
< 








SHARP 5-23 


LH5764/J CMOS 64K (8K x 8) OTPROM/EPROM 





ABSOLUTE MAXIMUM RATINGS 



















Supply voltage 





0.610 413.5 
Storage temperature Tstg solo iee °C a 
-55 to +150 a 

Maximum ratings are those values beyond which damage to the device may occur. 


0610470 
0.6 t0 +7.0 
| Operating temperature ow+70 | oO | 
NOTES: 
1. The maximum applicable voltage on any pin with respect to GND. 
2. Applied to ceramic package. 
3. Applied to plastic package. 


RECOMMENDED OPERATING CONDITIONS (Read Mode) (Ta = 0 to +70°C) 
[PARAMETER | SYMBOL | MIN, | TR | MAX | UNIT 


treme 
va for [| oa |v | 
input igh? vottage | va | 20 | | Voowos |v 










Input “High” voltage 
Output “Low” voltage 
Output "High" voltage 





NOTES: 

1. Minimum cycle time, lout = 0 mA 

2. CMOS input: Vin = GND + 0.3 V or Vcc + 0.3 V 
3. TTLinput: Vin = Vic or Vin 
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CMOS 64K (8K x 8) OTPROM/EPROM LH5764/J 





AC CHARACTERISTICS (Read Mode) (Vcc = 5 V + 10%, Vpp = Vcc, Ta = 0 to +70°C) 


LH5764J-25 
LH5764J-20 
PARAMETER SYMBOL | tisreas20 | LHS764/N-25 UNIT 


EE SNA 


AC TEST CONDITIONS 


Input voltage amplitude 0.8Vto2.2V 


input risefal ime 
Input reference level 1V,2V 
Output reference level 0.8V,2V 















780 OHMS 


2.09 V 
DATA 
OUTPUT 
PIN. 













100 pF * 





* INCLUDES JIG AND SCOPE CAPACITANCES 





Figure 3. Output Load Circuit 
CAPACITANCE (Ta = 25°C, f = 1MHz) 


[PARAMETER | SvwBOL__| CONDITIONS | MN | TR | MAX | UNT 


input capacitance | Cw | Vw-0V [| 4 | 6 | pF 
[Output capacitance | Com | Vor-ov_ | |e | 12 | oF. 






HIGH-Z 





Figure 4. Timing Diagram (Read Mode) 





SHARP 5-25 


LH5764/J CMOS 64K (8K x 8) OTPROM/EPROM 





RECOMMENDED OPERATING CONDITIONS (Program Mode) (Ta = 25°C + 5°C) 





DC CHARACTERISTICS (Program Mode) 
(Vcc = 5.75 V to 6.5 V, Vpp = 12.2 V to 13.0 V, Ta = 25°C + 5°C) 










SS CS A AS 


Vec supply current | 30 
Vpp supply current | Ipp | CE = PGM = ViL | 30 
input "Low" votags aan aaIORE 







Input "High" voltage Vcc + 0.3 
Output “Low” voltage lo. = 2.1 mA | 0.45 | 
Output "High" voltage loH = -400 pA Poe ol 


AC CHARACTERISTICS (Program Mode) 


(Vcc = 6.25 V + 0.25 V, Vpp = 12.75 V + 0.25 V, Ta = 25°C + 5°C) (Note 1) 
[PARAMETER ___| Svat | wn | TR 


A AS RS NT 


Address setup time | tas | 2 | 
Chip enable setup time | tes [| 2 | 


Output enable setup time 


[Output enable setup time | toes 
[Data seuptime | tos 
an 


Address hold time 


Data hold time 


2.4 













EIS 
oO” 










= 
a 


aAl1n on 


_ 
un 
oO 


Se ae 
[Data valid from output enable | toe 
[Program pulse with? | tow 
[Program pulse count =< iN 


NOTES: 
1. This width is defined by the Program Flowchart (Figure 6). 
2. Programmable under conditions Vcc = 6.0 V + 0.25 V, Vpp = 12.5 V+ 0.3 V, tpw = 1 ms + 0.05 ms 


ESE TS 
Aint on 





on 


IMES 








5-26 | SHARP 


CMOS 64K (8K x 8) OTPROM/EPROM 


‘ DATA INPUT , 





LH5764/J 


‘ DATA OUTPUT} 


Figure 5. Timing Diagram (Program Mode) 


PROGRAMMING 


Upon delivery from SHARP or after each erasure 
(see erasure section), the LH5764 and LH5764J have 
all 8,192 x 8 bits in the "1", or high state. "0O’s" are 
loaded into the LH5764 and LH5764J through the pro- 
cedure of programming. 


The programming mode is entered when +12.75 V 
is applied to the Vpp pin and CE is at Vit. A0.1 pF 
capacitor between Vpp and GND is needed to prevent 
excessive voltage transients, which could damage the 
device. The address to be programmed is applied to 
the proper address pins. 8-bit patterns are placed on 
the respective data pins. The voltage levels should be 
standard TTL levels. 


ERASURE 


In order to clear all locations of their programmed 
contents, it is necessary to expose the LH5764J to an 
ultra-violet light source. A dosage of 15W-second/cm? 
is required to completely erase an LH5764J. This dos- 
age can be obtained by exposure to an ultra-violet lamp 
(wave-length of 2,537 Angstroms (A)) with intensity of 
12,000 wWicm? for 20 to 30 minutes. The LH5764J 
should be about one inch from the source and all filters 
should be removed from the UV light source prior to 
erasure. 


It is important to note that the LH5764J and similar 
devices will erase with light sources having wave-length 
shorter than 4,000 A. 


SHARP 


Although erasure times will be much longer than with 
UV sources at 2,537 A, the exposure to fluorescent 
light and sunlight will eventually erase the LH5764J and 
exposure to them should be prevented to realize max- 
imum system reliability. If used in such an environment, 
the package windows should be Covered by an opaque 
label or substance. 


CAUTION 


Fluorescent light and sunlight contain UV rays which 
will erase the EROM. To prevent deterioration of 
EPROM data due to UV rays, it is recommended that 
EPROMs should not be left under direct sunlight or 
fluorescent light, or the package window should be 
covered with an opaque material. 


Care must be taken to avoid friction between pack- 
age window and plastics or the like, as the resulting 
static-electric build-up may cause faulty operation. 


1. Vcc must be applied either coincidently or before 
Vpp and removed either coincidently or after Vpp. 


2. Vpp must not be greater than 13.5 volts including 
overshoot. 


3. During CE = PGM = Vi, Vpp must not be switched 
from Vcc to 12.75 volts or vice-versa. 


4. Removing or inserting the device while 12.75 volts 
is supplied may harm the reliability of the device. 
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LH5764/J CMOS 64K (8K x 8) OTPROM/EPROM 


START 
ADDRESS =- START ADDRESS 





ADDRESS . 
-— ADDRESS+1 


ADDRESS = LAST ADDRESS? 


ALL BYTES VERIFY 
[PASS | 
DEVICED PASSED (STOP) DEFECTIVE 


5764-6 
Figure 6. Programming Flowchart 


ORDERING INFORMATION 


LH5764 X - ## 
Device Type Package Speed 


20 200 , 
L_{ 250 Access Time (ns) 


OTPROM 

Blank 28-pin, 600-mil DIP (DIP28-P-600) 
N 28-pin, 450-mil SOP (SOP28-P-450) 
EPROM 


J 28-pin, 600-mil CERDIP (WDIP28-G-600) 


CMOS 64K (8K x 8) OTPROM/EPROM 
Example: LH5764J-20 (CMOS 64K (8K x 8) EPROM, 200 ns, 28-pin, 600-mil CERDIP) 
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LH57126/J 


CMOS 128K (16K x 8) OTPROM/EPROM 





FEATURES 
e 16,384 x 8 bit organization 


Access times: 
LH57126J: 70/90 ns 
LH57126: 90 ns 


e Single +5 V power supply 


e Low power consumption: 
Operating: 394 mW (MAX.) 
Standby: 78.75 mW (MAX.) 


e Fully static operation 
e Three-state outputs 
e TTL compatible I/O 


e High speed programming 
Compatible to INTEL intelligent 
programming™ algorithm 
(64 second programming) 


e Pin compatible with the i27128 


e Packages: 
EPROM 
28-pin, 600-mil CERDIP 
OTPROM 
28-pin, 600-mil DIP 


e JEDEC standard pinout 


DESCRIPTION 


The LH57126J is a high-performance 128K, UV eras- 
able, electrically programmable read-only-memory. It 
is manufactured in an advanced CMOS technology 
which allows it to operate at Bipolar speeds while con- 
suming only 75 mA. 


The LH57126J is pin compatible with the Intel i27128 
and the SHARP LH57128J, and designed to have fast 
access time. 


SHARP 


The LH571264J is configured in the standard EPROM 
pinout which provides an easy upgrade path for systems 
which are currently using standard EPROMs. 


The LH57126 is a one-time PROM packaged in 
plastic DIP. 


PIN CONNECTIONS 


28-PIN CERDIP TOP VIEW 


1 
2 
3 
4 
5 
6 
7 
8 
9 


28-PIN DIP 





Figure 1. Pin Connections for CERDIP and 
DIP Packages 
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LH57126/J | CMOS 128K (16K x 8) OTPROM/EPROM 


131,072 
EPROM 
CELL ARRAY 


COLUMN OUTPUT 
CONTROLLER 


OUTPUT 
BUFFER 


Voc GND Vpp 





Figure 2. LH57126/J Block Diagram 


PIN DESCRIPTION 


[—sienat__[_PINNAME_[_ NOTE 
[AoA [Address input 
[09-07 | Data output (input) | 1 
[GE [Chip Enable input | 


— 
2 
[Power suppy | sd 
[GE | Output Enable input | [Ground SdYSC*d 
NOTE: 


1. Oo - O7 pins are also used to input data to the column output controller through input buffers in programming mode. 










nd 






Program input | 





TRUTH TABLE 


[Program | Datain 
Program 





NOTE: 
X=Horl, H=Vin,lL=Vii 
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CMOS 128K (16K x 8) OTPROM/EPROM 





ABSOLUTE MAXIMUM RATINGS 













Pin voltage 


Operating temperature 0 to +70 °C toe oe 


Storage temperature Tstg ae oe? °C 
-55 to +150 


NOTES: 
1. The maximum applicable voltage on any pin with respect to GND. 
Maximum ratings are those values beyond which damage to the device may occur. 
2. Applied to ceramic package. 
3. Applied to plastic package. 






RECOMMENDED OPERATING CONDITIONS (Read Mode) (Ta = 0 to +70°C) 
V 
V 


Supply voltage | Veo - V 
oe , 


cc 

pp 
i oe ew 
[| Veowos |v 


| Input "Low" voltage 
Input "High" voltage 
Output "Low" voltage lo. = 16 mA 
Input leakage current Vin = GND or Voc 
Output leakage current Vout = GND or Vcc 


Vcc operating current CE - GND +0.3V 


Vor supply current [lop | Ver =Voo 
Vor pin voltage We | ~*dSWon-0 | 


Vcc standby current | tsar | CE ~— . 0.3V 
| | isse | CE=Vin IH 


NOTES: 
Minimum cycle time, lour = O mA 


CMOS level: Vin = GND + 0.3 V or Vcc + 0.3 V 
TTL input: Vin = Vic or Vin 

All inputs are fixed at CMOS level. 

All inputs are fixed at TTL level. 


Vpp 





ae eS 





SHARP 


LH57126/J CMOS 128K (16K x 8) OTRPROM/EPROM 





AC CHARACTERISTICS (Read Mode) (Vcc = 5 V + 5%, Vpp = Vcc, Ta = 0 to +70°C) 


LH57126J-90 
LH57126J-70 


ET 


Address to output delay 


[Address to output hold =| tow 


AC TEST CONDITIONS 


Input risefalltime | <ione | 








Finput capacitance | Gn | Ww-ov || 4 | 6 | oF 
[Output capacitance | Com | Vor-ov | |e | 2 | oF 


(_{ , 
nigny rq (DATAVALID 


Figure 3. Timing Diagram (Read Mode) 








5-32 SHARP 


CMOS 128K (16K x 8) OTPROM/EPROM LH57126/J 


RECOMMENDED OPERATING CONDITIONS (Program Mode) (Ta = 25°C + 5°C) 






wis deies 125 | 128 | 
input ‘Low’ voltage | Wu | 04 | | 04s | Vv 
input High’ voltage | Vm | 24 | | voc+os | Vv 


DC CHARACTERISTICS (Program Mode) 
(Vcc = 6.0 V+ 0.25 V, Vpp = 12.5V+0.3 V, Ta = 25°C + 5°C) 










Vcc supply current 
Vpp supply current 
Input "Low" voltage 


Paes) Hee 
| CE=PGM=Vn | 
ee ee ee 

pee | 


Output "Low” voltage lo. = 16 mA 


Output "High" voltage 





| lee | 
[Input High” voltage | Vw] 


AC CHARACTERISTICS (Program Mode) 


(Vcc = 6.0 V +0.25 V, Vpp = 12.5 V+ 0.3 V, Ta = 25°C + 5°C) 
[PARAMETER __—_—=«i; Swe | wN | __ 


TS ES AS TS 


Address setup time | tas | 
| tees 


Chip enable setup time 


Output enable setup time 























Data setup time 


| tors 
Address hold time ts 4 
[Data holdtime SYS 
[Chip enable to output float delay | tor 
[Data valid trom output enable | tor 
PGM pulse width _————~i| tow 
[Ada PGM pulse width” | tow _| 
[Program pulse count ‘| iN 


* This width is defined by the Program Flowchart (Figure 6). 
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LH57126/J 


CMOS 128K (16K x 8) OTPROM/EPROM 





PROGRAMMING 


Upon delivery from SHARP or after each erasure 
(see Erasure section), the LH57126 and LH57126J 
have all 16,384 x 8 bits in the "1", or high state. "0’s" 
are loaded into the LH57126 and LH57126J through 
the procedure of programming. 


The programming mode is entered when +12.5 V is 
applied to the Vpp pin and CE is at Vit. A0.1 pF 
capacitor between Vpp and GND is needed to prevent 
excessive voltage transients, which could damage the 
device. The address to be programmed is applied to 
the proper address pins. 8-bit patterns are placed on 
the respective data pins. The voltage levels should be 
standard TTL levels. 


ERASURE 


In order to clear all locations of their programmed 
contents, it is necessary to expose the LH57126J to an 
ultra-violet light source. Adosage of 15 W-second/cm? 
is required to completely erase an LH57126J. This 
dosage can be obtained by exposure to an ultra-violet 
lamp (wave-length of 2,537 Angstroms (A)) with inten- 
sity of 12,000 pW/cem? for 20 to 30 minutes. The 
LH57126J should be about one inch from the source 
and all filters should be removed from the UV light 
source prior to erasure. 


It is important to note that the LH57126J and similar 
devices will erase with light sources having wave-length 
shorter than 4,000 A. 


Although erasure times will be much longer than with 
UV sources at 2,537 A, the exposure to fluorescent 
light and sunlight will eventually erase the LH57126J 
and exposure to them should be prevented to realize 
maximum system reliability. If used in such an envi- 
ronment, the package windows should be covered by 
an opaque label or substance. 


CAUTION 


Fluorescent light and sunlight contain UV rays which 
will erase the EPROM. To prevent deterioration of 
EPROM data due to UV rays, it is recommended that 
EPROMs should not be left under direct sunlight or 
fluorescent light, or the package window should be 
covered with an opaque material. 


Care must be taken to avoid friction between pack- 
age window and plastics or the like, as the resulting 
static-electric build-up may cause faulty operation. 


1. Vcc must be applied either coincidently or before 
Vpp and removed either coincidently or after Vpp. 


2. Vpp must not be greater than 13.5 volts including 
overshoot. 


3. During CE = PGM = ViL, Vep must not be switched 
from 5 volts to 12.5 volts or vice-versa. 


4. Removing or inserting the device while 12.5 volts is 
supplied may harm the reliability of the device. 


{ DATA INPUT = DATA OUTPUT | 
ay Ll 





Figure 5. Timing Diagram (Program Mode) 
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SHARP 


CMOS 128K (16K x 8) OTPROM/EPROM LH57126/J 


\ START 
ADDRESS = START ADDRESS 


| Vocg = 6.0 V 
i Vop = 12.5V 


PROGRAM (tpy = 1ms) 


NO 


N = N+1 “N= 25) 


< verry > 


OVER PROGRAM (topw = 3:Nms) 
ADDRESS 
| ADDRESS+1 ADDRESS = LAST ADDRESS? 


ALL BYTES VERIFY 


PASS 


DEVICED PASSED (STOP) DEFECTIVE 





Figure 6. Programming Flowchart 
ORDERING INFORMATION 


LH57126 X - ## 
Device Type Package Speed 


| a Access Time (ns) 


OTPROM 

Blank 28-pin, 600-mil DIP (DIP28-P-600) 
EPROM 

J 28-pin, 600-mil CERDIP (WDIP28-G-600) 


CMOS 128K (16K x 8) OTPROM/EPROM 


* EPROM Only 
Example: LH57126J-70 (CMOS 128K (16K x 8) EPROM, 70 ns, 28-pin, 600-mil CERDIP) 





LH57127/J 


CMOS 128K (16K x 8) OTPROM/EPROM 





FEATURES 


16,384 x 8 bit organization 


Access times: 
LH57127J: 100 ns (MAX.) 
LH57127: 120 ns (MAX.) 


Single +5 V power supply 


Low power consumption: 
Operating: 315 mW (MAX.) 
Standby: 1.05 mW (MAX.) 


Fully static operation 
Three-state outputs 
TTL compatible /O 


High speed programming: 
Compatible to INTEL intelligent 
programming™ algorithm 
(64 second programming) 


Pin compatible with 127128 


Packages: 
EPROM 
28-pin, 600-mil CERDIP 
OTPROM 
28-pin, 600-mil DIP 


JEDEC standard pinout 
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DESCRIPTION 


The LH57127J is a CMOS UV erasable and electri- 
Cally programmable read-only-memory, organized as 
16,384 x8 bits. It is pin compatible with the Intel i27128 
and the SHARP LH57128J, and designed to have fast 
access time. 


The LH57127 is a one-time PROM packaged in 
plastic DIP. 


PIN CONNECTIONS 


TOP VIEW 


28-PIN CERDIP 


28-PIN DIP 


Figure 1. Pin Connections for CERDIP 
and DIP Packages 


SHARP 


CMOS 128K (16K x 8) OTPROM/EPROM 


ROW 


DECODER 


COLUMN 
ADDRESS 
DECODER 


CONTROL 
SIGNAL 





LH57127/J 


131,072 
EPROM 
CELL ARRAY 


COLUMN OUTPUT 
CONTROLLER 


OUTPUT 
BUFFER 


Figure 2. LH57127/J Block Diagram 


PIN DESCRIPTION 


[SIGNAL | PINNAME ‘| NOTE | 
| AvAtg——s([ Addressinput =| 
[0007 __| Data output (input) | 1 | 
[CE | ChipEnableinpt | _—'| 
a -e ee 


Output Enable input 





NOTE: 
1. 


TRUTH TABLE 


L 


Output disable High-Z 
Standby High-Z 


[Program | Datain | 
Program vel 


| Program inhibit High-Z | oH | xX | 
NOTE: | 


X=Horl,H=Vin,L=Vi 


Program 


SHARP 








Power supply 








Op - O7 pins are also used to input data to the column output controller through input buffers in programming mode. 


16V 


LH57127/J CMOS 128K (16K x 8) OTPROM/EPROM 


ABSOLUTE MAXIMUM RATINGS 


-0.6 to +7.0 
-0.6 to +13.5 V 
-0.6 to +7.0 


Operating temperature 0 to +70 


Storage temperature Tstg ee tie’ °C ee es 
“55 to +150 Eade 


NOTES: 
1. The maximum applicable voltage on any pin with respect to GND. 
Maximum ratings are those values beyond which damage to the device may occur. 
2. Applied to ceramic package. 
3. Applied to plastic package. 









Supply voltage 





RECOMMENDED OPERATING CONDITIONS (Read Mode) (Ta = 0 to +70°C) 


Supply Voltage 


Input "Low” voltage 
Input "High" voltage Vin 





NOTES: 
1. Minimum cycle time, lout = 0 mA 


2. CMOS level: Vin = GND + 0.3 V or Vcc + 0.3 V 
3. TTLinput: Vin = Vii or Vin 


AC CHARACTERISTICS (Read Mode) (Vcc = 5 V + 5%, Vpp = Vcc, Ta = 0 to +70°C) 


| MIN. =| MAX. | MIN. | MAX. | 


tacc 


t 


OE to output delay | toe | 


CE 
Output enable high to output float 
Address to output hold tOH 
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CMOS 128K (16K x 8) OTPROM/EPROM LH57127/J 





AC TEST CONDITIONS 


[__PaRAWeTER__[~—OwODE—*d 


780 OHMS 







il 





input capacitance | Cw | Ww-ov| ‘| 4 ~~ 6 | pF 
[Outputeapacitance | com | vor-ov | | 8 | 2 | pF 





Figure 4. Timing Diagram (Read Mode) 


SHARP 5-39 


LH57127/J CMOS 128K (16K x 8) OTPROM/EPROM 


RECOMMENDED OPERATING CONDITIONS (Program Mode) (Ta = 25°C + 5°C) 
[PARAMETER | SYMBOL_[ MIN | TR [ WAX | UNTT_ 


[Supply votage | Wee SE | 301 6% V 
| Mep | 12.2 | 125 | 128 


input *Low'votage | Va | 01 | | oas| V 
input “High? votage | Va | 24 | | Veceoa | V_ 


DC CHARACTERISTICS (Program Mode) 
(Vcc = 6.0 V + 0.25 V, Vpp = 12.5 V+0.3 V, Ta = 25°C + 5°C) 
















Pinput leakage current | lu | Vw=Vocoroasv [to | —~«|10~~(| uA 
Vee supply current | too | —SSSSsSC—~iSC“<C~C~*~*rCSC“<~*~srSCSCiSY mv 
Vee supply current |p | C-PGM-va | ——S~d|~SC~*i Sma 
input *Low*voltage | Mu if SSC~—<“—~S*~iSC‘SPSSC*‘idSCi 
input "Hight vottage =| Vw | —Ss=—<“—~S~—SsYk dE S~*d ec | 
Output "Low" votage | Va | tas2tma | ——=«d~SSs~=—<~rCiSSP 
[Output “High? voltage | Von low=-400wA | 24] ae ee 


AC CHARACTERISTICS (Program Mode) 
(Vcc = 6.0 V+ 0.25 V, Vpp = 12.5 V +0.3 V, Ta = 25°C + 5°C) 

















Address setup time a a er a (SS NN SN 
Chip enable setuptima ‘| toes | 2 [| —~*dY~SSSC~sCs 
Output enable setuptime | tors [2 | +) Ss 
Data setuptime _———~—~S«dt tos | |S 
Address hold time id tw Ps 
Data holdtime ——S~dSCit SP Cid 
Chip enable to output float delay | tor | 0 | ~*~ 1s0—~«| Sons 
[Data valid trom output enable | tor | —+| + 150+ ns 
Ver setuptime _——=S*d~Ss PT 
Ves setuptime ——~S«dt Stes 2] Sd 
Program pulse width _——~+| tw | oss | 4 | 405 | ms 
Add PGM pulse wath” | topw | 285 | ~+| 7a.75 | me | 
[Program pulse count ——+(| N [1 | ~+(| 25+ ‘TIMES 


* This width is defined by the Program Flowchart (Figure 6). 
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CMOS 128K (16K x 8) OTPROM/EPROM 


PROGRAMMING 


Upon delivery from SHARP or after each erasure 
(see erasure section), the LH57127 and LH57127J 
have all 16,384 x 8 bits in the "1", or high state. "0's" 
are loaded into the LH57127 and LH57127J through 
the procedure of programming. 


The programming mode is entered when +12.5 V is 
applied to the Vpp pin and CE is at Vit. A0.1 uF 
Capacitor between Vpp and GND is needed to prevent 
excessive voltage transients, which could damage the 
device. The address to be programmed is applied to 
the proper address pins. 8-bit patterns are placed on 
the respective data pins. The voltage levels should be 
standard TTL levels. 


ERASURE 


In order to clear all locations of their programmed 
contents, it is necessary to expose the LH57127J to an 
ultra-violet light source. Adosage of 15 W-second/cm 
is required to completely erase an LH57127J. This 
dosage can be obtained by exposure to an ultra-violet 
lamp (wave-length of 2,537 Angstroms (A)) with inten- 
sity of 12,000 wW/cm* for 20 to 30 minutes. The 
LH57127J should be about one inch from the source 
and all filters should be removed from the UV light 
source prior to erasure. 


It is important to note that the LH57127J and similar 
devices will erase with light sources having wave-length 
shorter than 4,000 A. 


HIGH 
oe goo 


DATA INPUT 


Se af 





LH57127/J 


Although erasure times will be much longer than with 
UV sources at 2,537 A, the exposure to fluorescent 
light and sunlight will eventually erase the LH57127J 
and exposure to them should be prevented to realize 
maximum system reliability. If used in such an envi- 
ronment, the package windows should be covered by 
an opaque label or substance. 


CAUTION 


Fluorescent light and sunlight contain UV rays which 
will erase the EPROM. To prevent deterioration of 
EPROM data due to UV rays, it is recommended that 
EPROMs should not be left under direct sunlight or 
fluorescent light, or the package window should be 
covered with an opaque material. 


Care must be taken to avoid friction between pack- 
age window and plastics or the like, as the resulting 
static-electric build-up may cause faulty operation. 


1. Vcc must be applied either coincidently or before 
Vpp and removed either coincidently or after Vpp. 


2. Vpp must not be greater than 13.5 volts including 
overshoot. 


3. During CE = PGM = ViL, Vpp must not be switched 
from 5 volts to 12.5 volts or vice-versa. 


4. Removing or inserting the device while 12.5 volts 
is supplied may harm the reliability of the device. 


Vin NOH 
DATA OUTPUT 


Vie / Vor 


Vpp 


Figure 5. Timing Diagram (Program Mode) 





SHARP 


LH57127/J CMOS 128K (16K x 8) OTPROM/EPROM 


\ START 


(ADDRESS =- START ADDRESS 


| Voc = 6.0 V 
Vpp = 12.5 V 


PROGRAM (tpw = 1ms) 


OVER PROGRAM (topw = 3:Nms) 
ADDRESS | 
s aDRESea ADDRESS = LAST ADDRESS? 


ALL BYTES VERIFY 


PASS 


( DEVICED PASSED (STOP) DEFECTIVE 





Figure 6. Programming Flowchart 


ORDERING INFORMATION 


LH57127 X - ## 
Device Type Package Speed 


10 100° 
L_{is 420 Access Time (ns) 


OTPROM 

Blank 28-pin, 600-mil DIP (DIP28-P-600) 
EPROM 

J 28-pin, 600-mil CERDIP (WDIP28-G-600) 


CMOS 128K (16K x 8) OTPROM/EPROM 


| * EPROM Only 
Example: LH57127J-10 (CMOS 128K (16K x 8) EPROM, 100 ns, 28-pin, 600-mil CERDIP) 
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L Hi 5/1 28/J CMOS 128K (16K x 8) OTPROM/EPROM 





FEATURES DESCRIPTION 
4 bi hee The LH57128J is a CMOS UV erasable and electri- 
e 616,384 x 8 bit organization cally programmable read-only-memory organized as 


16,384 x 8 bits. It is pin compatible with the Intel i27128. 


e Access times: The LH57128 is a one-time PROM packaged in plas- 
LH57128J: 250 ns tic DIP or SOP. 


LH57128: 250 ns 
PIN CONNECTIONS 


e Single +5 V power supply 


TOP VIEW 


e High speed programming: 28-PIN CERDIP 
tpw = 0.1 ms (Vpp = 12.75 V) or 
tpw = 1 ms (Vpp = 12.5 V) 
Compatible to INTEL quick pulse 
programming ™ algorithm 
(2 second programming) 


e Low power consumption: 
Operating: 165 mW (MAX.) 
Standby: 550 pW (MAX.) 


e Fully static operation 
e Three-state outputs 


28-PIN DIP 
e TTL compatible I/O 28-PIN SOP 


e Pin compatible with 127128 


e Packages: 
EPROM 
28-pin, 600-mil CERDIP 
OTPROM 
28-pin, 600-mil DIP 
28-pin, 450-mil SOP 


e JEDEC standard pinout 





Figure 1. Pin Connections for CERDIP, DIP, 
and SOP Packages 


SHARP 5-43 


LH57128/J CMOS 128K (16K x 8) OTPROM/EPROM 


ROW 131,072 


ADDRESS 
SP ECOBEE CELL MATRIX 


COLUMN 
ADDRESS ) COLUMN OUTPUT 


DECODER | | ! CONTROLLER 


OUTPUT 
BUFFER 


Voc GND Vpp 





Figure 2. LH57128/J Block Diagram 


PIN DESCRIPTION 


Csenat[___PNNAWE__[_NOTE_ 
[Ao Avg | Address input iY 
[GE | Chip Enable inpat | —_—| 
[6E [Output Enabie input |_| 


NOTE: 










[_sigNal_[__PINNAME_|_NOTE_ 
FGM | Program input «dS 


[Vee | Program power | 
GND_[Ground SiS 


1. Oo -O7 pins are also used to input data to the column output controller through input buffers in programming mode. 





TRUTH TABLE 


Output disable | HighZ | t | WH | H | ssV | sv | 
[standty | ghz | H| x | x | ssv | sev 
[Program | Datain 


ew | 
Program 

| Program 

NOTE: 


X=HorLl, H=Vinn, l= Vit 









Read 
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CMOS 128K (16K x 8) OTPROM/EPROM LH57128/J 


ABSOLUTE MAXIMUM RATING 


Supply voltage -0.6 to +13.5 V 


Operating 5 
Storage rag | Seton [2 
NOTES: 


1. The maximum applicable voltage on any pin with respect to GND. 

Maximum ratings are those values beyond which damage to the device may occur. 
2. Applied to ceramic package. 
3. Applied to plastic package. 





RECOMMENDED OPERATING CONDITIONS (Read Mode) (Ta = 0 to +70°C) 






Spc et ee, tee 

[vere [45 [so [| ss | v | 
of ff oe |v 
Finput High* vottage | Va | 20 | | Voosoa | Vv 







Input "Low" voltage 
: Input "High” voltage 

Output “Low” 

voltage 

Output “High” 

voltage 


Input leakage 


current 


Output leakage 
current 


Vcc operating Icc1 CE =GND+0.3V 
ee 





NOTES: 
1. Minimum cycle time, lout = 0 mA 


2. CMOS level: Vin = GND + 0.3 V or Vcc +03 V 
3. TTLinput: Vin = Vit or Vin 





LH57128/J CMOS 128K (16K x 8) OTPROM/EPROM 


AC CHARACTERISTICS (Read Mode) (Vcc = Vpp = 5 V+ 10%, Ta = 0 to +70°C) 


LH57128J-25 
LH57128-25 


| Address to output delay _ to output delay 
CE to output delay 


OE to output delay 

| Output enable high to 
output float 

Address to output hold 


AC TEST CONDITIONS 


Output reference level | 0aV.2V 









780 OHMS 







100 pF * 





I 


* INCLUDES JIG AND SCOPE CAPACITANCES 





CAPACITANCE (Ta = 25°C, f = 1MHz) 


rp A WE 
| Output capacitance | Cour | Vour=ov | | 8 | 12 


HIGH-Z 





Figure 4. Timing Diagram (Read Mode) 
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CMOS 128K (16K x 8) OTPROM/EPROM LH57128/J 





RECOMMENDED OPERATING CONDITIONS (Program Mode) (Ta = 25°C + 5°C) 


[——Panaweven | svweot_[ WN | TR | WAX | ONT 
[Supply voltage + ‘Voc | 875 | 625 | 65 | V_ 
[Program supply vohage | Vp | 122 [t275| 130 | V_ 
input "Low" voltage | vu | ot | | ous] Vv 


[Input "High" voltage | Vas | 24 | | Voc+03 | V 
DC CHARACTERISTICS (Program Mode) 
(Vcc = 5.75 V to 6.5 V, Vpp = 12.2 V to 13.0 V, Ta = 25°C + 5°C) 










AC CHARACTERISTICS (Program Mode) 
(Vcc = 6.25 V + 0.25 V, Vpp = 12.75 V + 0.3 V, Ta = 25°C + 5°C) 


[Data setup time 
[Data holdtime 
vec setuptime «dts 
[Program pulse width =i tw 
[Program pulse count —~«dY|sN 


NOTES: 
1. This width is defined by the Program Flowchart (Figure 6). 


2. Programmable under conditions of add. program pulse count 3-N, Vcc = 6.0 V + 0.25 V, Vpp = 12.5 V + 0.3 V, tpw = 1 ms + 0.05 ms 
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LH57128/J 


CMOS 128K (16K x 8) OTPROM/EPROM 





PROGRAMMING 


Upon delivery from SHARP or after each erasure 
(see erasure section), the LH57128 and LH57128J 
have all 16,384 x 8 bits in the "1", or high state. "0’s" 
are loaded into the LH57128 and LH57128J through 
the procedure of programming. 


The programming mode is entered when +12.75 V 
is applied to the Vpp pin and CE is at Vit. A0.1 pF 
Capacitor between Vpp and GND is needed to prevent 
excessive voltage transients, which could damage the 
device. The address to be programmed is applied to 
the proper address pins. 8-bit patterns are placed on 
the respective data output pins. The voltage levels 
should be standard TTL levels. 


ERASURE 


In order to clear all locations of their programmed 
contents, it is necessary to expose the LH57128J to an 
ultra-violet light source. Adosage of 15 W-second/cm? 
is required to completely erase an LH57128J. This 
dosage can be obtained by exposure to an ultra-violet 
lamp (wave-length of 2,537 Angstroms (A)) with inten- 
sity of 12,000 pW/cm* for 20 to 30 minutes. The 
LH57128J should be about one inch from the source 
and all filters should be removed from the UV light 
source prior to erasure. 


It is important to note that the LH57128J and similar 
devices will erase with light sources having wave-length 
shorter than 4,000 A 


DATA INPUT 


Although erasure times will be much longer than with 
UV sources at 2,537 A, the exposure to fluorescent 
light and sunlight will eventually erase the LH57128J 
and exposure to them should be prevented to realize 
maximum system reliability. If used in such an envi- 
ronment, the package windows should be covered by 
an opaque label or substance. 


CAUTION 


Fluorescent light and sunlight contain UV rays which 
will erase the EPROM. To prevent deterioration of 
EPROM data due to UV rays, it is recommended that 
EPROMs should not be left under direct sunlight or 
fluorescent light, or the package window should be 
covered with an opaque material. 


Care must be taken to avoid friction between pack- 
age window and plastics or the like, as the resulting 
Static-electric build-up may cause faulty operation. 


1. Vcc must be applied either coincidently or before 
Vpp and removed either coincidently or after Vpp. 


2. Vpp must not be greater than 13.5 volts including 
overshoot. 


3. During CE = PGM = Vi, Vep must not be switched 
from 5 volts to 12.75 volts or vice-versa. 


4. Removing or inserting the device while 12.75 volts 
is supplied may harm the reliability of the device. 


DATA OUTPUT 


yp el Pe 





Figure 5. Timing Diagram (Program Mode) 
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SHARP 


CMOS 128K (16K x 8) OTPROM/EPROM LH57128/J 


C start _) 


ADDRESS = START ADDRESS 


| Vog = 6.25 V: Vpp = 12.75 V 


| ADDRESS 
— ADDRESS+1 ADDRESS = LAST ADDRESS? 


ALL BYTES VERIFY __ 


PASS 


( DEVICED PASSED (STOP) DEFECTIVE ) 





Figure 6. Programming Flowchart 
(Vcc = 6.25 V, Vpp = 12.75 V, tpw = 0.1 ms) 


ORDERING INFORMATION 


LH57128 X 
Device Type Package 


= 25 250 Access Time (ns) 


OTPROM 
Blank 28-pin, 600-mil DIP (DIP28-P-600) 
N 28-pin, 450-mil SOP (SOP28-P-450) 


EPROM 
J 28-pin, 600-mil CERDIP (WDIP28-G-600) 


CMOS 128K (16K x 8) OTPROM/EPROM 
Example: LH57128J-25 (CMOS 128K (16K x 8) EPROM, 250 ns, 28-pin, 600-mil CERDIP) 





L H5/254/J CMOS 256K (32K x 8) OTPROM/EPROM 


FEATURES PIN CONNECTIONS 





e 32,768 x 8 bit organization Sie iecnone TOP VIEW 


e Access times: 
LH57254J: 70/90 ns 
LH57254: 90 ns 


e Single +5 V power supply 


e High speed programming: 
Compatible to INTEL intelligent 
programming™ algorithm 
(128 second programming) 


1 
2 
3 
4 
5 
6 
7 
8 
9 


e Low power consumption: 
Operating: 420 mW (MAX.) 
Standby: 78.8 mW (MAX.) 


28-PIN DIP 


e Fully static operation 

e Three-state outputs 

e TTL compatible I/O 

e Pin compatible with 127256 


e Packages: 
EPROM 
28-pin, 600-mil CERDIP 
OTPROM 
28-pin, 600-mil DIP 





e JEDEC standard pinout 
Figure 1. Pin Connections for CERDIP 


and DIP Packages 
DESCRIPTION 7 

ThE LH57254J is a CMOS UV erasable and electri- 
cally programmable read-only-memory organized as 
32,768 x 8 bits. It is pin compatible with the Intel i27256, 
and designed to have fast access time. 


The LH57254 is a one-time PROM packaged in 
plastic DIP. 
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CMOS 256K (32K x 8) OTPROM/EPROM LH57254/J 


ROW 262,144 
ADDRESS CELL MATRIX 
DECODER 


COLUMN COLUMN OUTPUT 
ADDRESS CONTROLLER 


OUTPUT 
BUFFER 





Figure 2. LH57254/J Block Diagram 


PIN DESCRIPTION 


[sig [___PNANE_|_NOTE 
[A= Ave | Address input] 
00-07 | Data output (input) | 
[CEPGM | Chip Enabie/Program input | __ 
[OE [Ouputenabie | 


NOTE: 
1. Oo - O7 pins are also used to input data to the column output controller through input buffers in programming mode. 






[“siGNAL_[____PWNANE_[_nove_] 
[Vee | Program power Sd SS 
[Veo [Powersupply «| Sd 
[eno [Ground SiS 













TRUTH TABLE 


| Read Output disable High-Z 


Standby High-Z 


[Program | Detain — 
Program Program verify 
| Program inhibit High-Z 





NOTE: 
X=HorLl, H=Vin,L= Vit 
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LH57254/J | CMOS 256K (32K x 8) OTPROM/EPROM 





ABSOLUTE MAXIMUM RATING 


Supply voltage -0.6 to +13.5 


0.610470 
Operating temperature | Topr | ows70 | © | 


Storage temperature | Tstg eed acall te °C Eee 
-55 to +150 Le ey 


NOTES: 
1. The maximum applicable voltage on any pin with respect to GND. 


Maximum ratings are those values beyond which damage to the device may occur. 
2. Applied to ceramic package. 
3. Applied to plastic package. 





RECOMMENDED OPERATING CONDITIONS (Read Mode) (Ta = 0 to +70°C) 










Supply Voltage 


input “High? wottage | vw | 22 | | Vecsoa | v_ 





input Low voltage | Va | 
input "High* volage | Vm |S 
Output "Low" voltage 
Output “High” voltage 
Input leakage current 
Output leakage current 
| Vcc operating current 
| loca | 

Vep supply current | rp | _Vep=Voo | 
ver [fo 

M 

| Isez__| 


CE/PGM = Vcc + 0.3 V 
CE/PGM= Vin 


Vpp pin voltage 


Vcc standby current 





NOTES: 
1. Minimum cycle time, lout = 0 mA 


2. CMOS level: Vin = GND + 0.3 V or Vcc + 0.3 V 
3. TTLlevel: Vir or Vin 

4. Allinputs are fixed at CMOS level. 

5. All inputs inputs are fixed at TTL level. 
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CMOS 256K (32K x 8) OTPROM/EPROM LH57254/J 


AC CHARACTERISTICS (Read Mode) (Vcc = Vpp=5V+5%. Ta =0 to +70°C) 


3 LH57254J-90 
| Address to output delay Pee eee 
(CE/PGM = Vit) ACC 
CE to output delay 
OE to output delay 
(CE/PGM = Vit) 




















Output enable high to 
output float 
Address to output hold 


AC TEST CONDITIONS 
[PARAMETER [| __WODE 


Input voltage 

amplitude OVtoSV 
Input rise/fall time 

Input reference level 





ae a a NS a 
[Output capacitance | Cour | Vour=ov | | Tt 


CE/PGM 


HIGH-Z 





Figure 3. Timing Diagram (Read Mode) 
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LH57254/J CMOS 256K (32K x 8) OTPROM/EPROM 


RECOMMENDED OPERATING CONDITIONS (Program Mode) (Ta = 25°C + 5°C) 
[_rawaweren | evweot [ww [ WA | _wAK | ONT 


| Vee | 12.2 | 125 | 128 | 
Tipo tow vokags | won | as 
inp High vohoge [vn [24 [1 Veewos[ v— 


DC CHARACTERISTICS (Program Mode) 


(Vcc = 6.0 V+ 0.25 V, Vpp = 12.5 V +0.3 V, Ta = 25°C + 5°C) 
[PARAMETER | SYWEOL_| _CONDMONS | MN | TYR | WAX | ONT 


input leakage current | | Ww=Vocoroasv | 10 || 10 | ua 
Tec supply current | oo |—SSSSidSSCSC~sSSC‘~‘“dSCiéS*dY ma 
Ver supply current | top | CERGM=va | ~~ Sida 
input "Low" voltage [Ww | SSC~C—~—SC‘iSPSSC*‘dSC=Ci ws ST 
input "High* voltage [vw | —~S=~=<“~*~*~—‘is | ~*d Ceo 
[routput-tow=vottage | Vo | ta=téma | —i| SSC«*dYCitas 
Output “High” voltage | Von | lon=-#ma | 24 | | +i v 


AC CHARACTERISTICS (Program Mode) 
(Vcc = 6.0 V+ 0.25 V, Vpp = 12.5 V+ 0.3 V, Ta = 25°C + 55°C) 

























Output enable setup time | toes | 
Address hold time | tan 
[Data hold time «dt 
[Output enable timed toe 

Eat 


* This width is defined by the Program Flowchart (Figure 6). 








5-54 SHARP 


CMOS 256K (32K x 8) OTPROM/EPROM 


LH57254/J 





PROGRAMMING 


Upon delivery from SHARP or after each erasure 
(see erasure section), the LH57254 and LH57254J 
have all 32,768 x 8 bits in the "1", or high state. “0’s" 
are loaded into the LH57254 and LH57254J through 
the procedure of programming. 


The programming mode is entered when +12.5 V is 
applied to the Vpp pin and CE/PGM is at ViL. A0.1 pF 
capacitor between Vpp and GND is needed to prevent 
excessive voltage transients, which could damage the 
device. The address to be programmed is applied to 
the proper address pins. 8-bit patterns are placed on 
the respective data pins. The voltage levels should be 
standard TTL levels. 


ERASURE 


In order to clear all locations of their programmed 
contents, it is necessary to expose the LH57254J to an 
ultra-violet light source. Adosage of 15 W-second/cm 
is required to completely erase an LH57254J. This 
dosage can be obtained by exposure to an ultra-violet 
lamp (wave-length of 2,537 Angstroms (A)) with inten- 
sity of 12,000 wW/cm? for 20 to 30 minutes. The 
LH57254J should be about one inch from the source 
and all filters should be removed from the UV light 
source prior to erasure. 


It is important to note that the LH57254J and similar 
devices will erase with light sources having wave-length 
shorter than 4,000 A 


CE/PGM 


Although erasure times will be much longer than with 
UV sources at 2,537 A, the exposure to fluorescent 
light and sunlight will eventually erase the LH57254J 
and exposure to them should be prevented to realize 
maximum system reliability. If used in such an envi- 
ronment, the package windows should be covered by 
an opaque label or substance. 


CAUTION 


Fluorescent light and sunlight contain UV rays which 
will erase the EPROM. To prevent deterioration of 
EPROM data due to UV rays, it is recommended that 
EPROMs should not be left under direct sunlight or 
fluorescent light, or the package window should be 
covered with an opaque material. 


Care must be taken to avoid friction between pack- 
age window and plastics or the like, as the resulting 
static-electric build-up may cause faulty operation. 


1. Vcc must be applied either coincidently or before 
Vpp and removed either coincidently or after Vpp. 


2. Vpp must not be greater than 13.5 volts including 
overshoot. 


3. During CE/PGM = ViL, Vep must not be switched 
from Vcc to 12.5 volts or vice-versa. 


4. Removing or inserting the device while 12.5 volts 
is supplied may harm the reliability of the device. 





Figure 5. Timing Diagram (Program Mode) 


SHARP 


9-99 


LH57254/J CMOS 256K (32K x 8) OTPROM/EPROM 


(start ) 


+ 


ADDRESS =- START ADDRESS 


Tee =6.0V | 


| — PROGRAM (tew= 1 ms) 


SUPPLEMENT PROGRAM (topw = 3: Nms) 


4 


ADDRESS =| 
ADDRESS + 1 ADDRESS = LAST ADDRESS? 


ALL BYTES VERIFY 


| PASS 


\ DEVICED PASSED (STOP) DEFECTIVE ) 





Figure 6. Programming Flowchart 


ORDERING INFORMATION 


LH57254 X 


Device Type Package 
a " Access Time (ns) 
OTPROM 
Blank 28-pin, 600-mil DIP (DIP28-P-600) 


EPROM 
J 28-pin, 600-mil CERDIP (WDIP28-G-600) 


CMOS 256K (32K x 8) OTPROM/EPROM 


* EPROM Only 
Example: LH57254J-70 (CMOS 256K (32K x 8) EPROM, 70 ns, 28-pin, 600-mil CERDIP) 
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LH57256/J _ 


CMOS 256K (32K x 8) OTPROM/EPROM 





FEATURES 
e 32,768 x 8 bit organization 


e Access times: 
LH57256J: 120/150 ns 
LH57256: 150 ns 


e Single +5 V power supply 


e High speed programming: 
tow = 0.1 ms (Vpp = 12.75 V) or 
tow = 1 ms (Vpp = 12.5 V) 
Compatible to INTEL quick pulse 
programming™ algorithm 
(4 second programming) 


e Low power consumption : 
Operating: 165 mW (MAX.) 
Standby: 550 wW (MAX.) 


e Fully static operation 

e Three-state outputs 

e TTL compatible I/O 

e Pin compatible with i27256 


e Packages: 
EPROM 
28-pin, 600-mil CERDIP 
OTPROM 
28-pin, 600-mil DIP 
28-pin, 300-mil SK-DIP 
28-pin, 450-mil SOP 


e JEDEC standard pinout (CERDIP/DIP) 


SHARP 


DESCRIPTION 


The LH57256J is a CMOS UV erasable and electri- 
cally programmable read-only-memory organized as 
32,768 x 8 bits. It is pin compatible with the Intel i27256, 
and designed to have fast access time. 


The LH57256 is a one-time PROM packaged in 


plastic DIP. 


PIN CONNECTIONS 


28-PIN CERDIP 


28-PIN DIP 
28-PIN SK-DIP 
28-PIN SOP 





TOP VIEW 


ON On & OND = 


Figure 1. Pin Connections for CERDIP, DIP, 
SK-DIP, and SOP Packages 
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LH57256/J | CMOS 256K (32K x 8) OTPROM/EPROM 


ROW 262,144 
ADDRESS CELL MATRIX 
DECODER 


COLUMN OUTPUT 


| ADDRESS | | CONTROLLER 
DECODER | | 


CONTROL 


SIGNAL OUTPUT 
GENERATOR BUFFER 


bossa 


Figure 2. LH57256/J Block Diagram 





PIN DESCRIPTION 


[siewat_[___ PNNAWE__[ NOTE 
[—Aa= Ava | Address input SSS 
[00-07 | Data output input) ———i| 4 
[“CEPEM | Chip Enabie/Program input | ___ 
[OE | OutputEnabie input | 


NOTE: 
1. Oo - O7 pins are also used to input data to the column output controller through input buffers in programming mode. 











[sieNAL_ [PN WANE _[ NOTE 
[Veep | Program power 
[Veo | Power suey | 

Gno [Ground SSsS=~—CS~sSC*d 
















TRUTH TABLE 
po MODE | Or | CEPGM | OE | Voc | Vr 


Read [ouput disable | HighZ | Lt | HW | vv | s5vV 
[standby | Highz@ | H | Xx [ wv | sev | 
re 
ee a 
aCe EC 














Program | Program verify +12.75 V 
Program inhibit High-Z +6.25 V +12.75 V 
NOTE: 


X=HorL, H= Vin, L= Vit 
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CMOS 256K (32K x 8) OTPROM/EPROM LH57256/J 





ABSOLUTE MAXIMUM RATING 










a 
a! 
ee 


06104135 | y 
VIN, ; 
Vour 0.6 to +7.0 
-65 to +150 
Storage temperature Tst | -6510 +150 _| °C 
“55 to +150 + 


Operating temperature 0 to +70 
NOTES: 


1. The maximum applicable voltage on any pin with respect to GND. 

Maximum ratings are those values beyond which damage to the device may occur. 
2. Applied to ceramic package. 
3. Applied to plastic package. 








Supply voltage 





RECOMMENDED OPERATING CONDITIONS (Read Mode) (Ta = 0 to +70°C) 


input “Low” voltage ene 
input “High* voltage eae! 
IoH = -400 pA 
Input leakage current Vin = GND or Voc 
Output leakage current | ho | Vout = GND or Vcc 
Vcc operating current dl el Neal bess 
CEPGM = Vi 


Output "High" voltage 


| Va 
| vm | 

Output “Low” voltage Von | lo. = 2.1 mA 
pu 


VIL 
ViH 
VoL 
OH 
I 
ILo 
Vpp 


vee pn wohege ee co 
Vcc standby current Isp CE/PGM Vec + 0.3 V 
IsB2 CE/PGM = Vin 


Ver supply current | ep | _Vep=Voo 





NOTES: 
1. Minimum cycle time, lout = 0 mA 


2. CMOS level: Vin = GND +0.3 V or Vcc + 0.3 V 
3. TTLlevel: Vin = Vit or Vin 
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LH57256/J | CMOS 256K (32K x 8) OTPROM/EPROM 


AC CHARACTERISTICS (Read Mode) (Vcc = Vpp = 5 V+ 10%. Ta = 0 to +70°C) 


LH57256J-15 
PARAMETER LHS7256-15 


Address to output delay 


AC TEST CONDITIONS 
[PARAMETER [ODE 













780 OHMS 






Input voltage amplitude 
Pinputrisefalltime | __sTons 
[Input reference level | 4V.2V 
[Output reference level | _08V.2V 






PARAMETER SYMBOL 
Input capacitance 
Output capacitance CouT 





HIGH-Z 





Figure 3. Timing Diagram (Read Mode) 
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CMOS 256K (32K x 8) OTPROM/EPROM LH57256/J 





RECOMMENDED OPERATING CONDITIONS (Program Mode) (Ta = 25°C + 5°C) 






Sooyvotage veo | 875 625 | 65 | 
[vp | 122 [i275] 130 


input Low" votage | Va [01 | | os [| V_ 
input “High? votage | Vw [24 | | Veceoa | V_ 


DC CHARACTERISTICS (Program Mode) 


(Vcc = 5.75 V to 6.5 V, Vpp = 12.2 V to 13 V, Ta = 25°C + 5°C) 


[PARAMETER | SYWBOL__| _GONDMONS [WN | WR | WAX | _UNT 
[voc suppy curent | eo 
[Ver supply current | rp +i ~—=SCEPGM= Va 
PinputLow" votage [ww SS 












Output "Low” voltage lo. =2.1mA 
Output “High” voltage loH = -400 pA 


AC CHARACTERISTICS (Program mode) 


(Vcc = 6.25 V + 0.25 V, Vpp = 12.75 V + 0.25 V, Ta = 25°C + 5°C) 
[___PaRawereR (| Svweox [WN [| TR 


ES ED EES EE 


Address setup time 







Data setup time 


Output enable setup time 


Data hold time 


NOTES: 
1. Programmable under conditions of add. program pulse count 3-N, Vcc = 6 V + 0.25 V, Vpp = 12.5 V+ 0.3 V, tow = 1 ms + 0.05 ms 
2. This width is defined by the Program Flowchart (Figure 6). 


Address hold time 
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LH57256/J 


{ DATAINPUT =} 


CE/PGM 


HIGH Z 





CMOS 256K (32K x 8) OTPROM/EPROM 


Vin Von 
( DATA OUTPUT ) 


Vi. /Vor 
12.75 V 


Vec 


Figure 5. Timing Diagram (Program Mode) 


PROGRAMMING 


Upon delivery from SHARP or after each erasure 
(see erasure section), the LH57256 and LH5/7256J 
have all 32,768 x 8 bits in the "1", or high state. "0’s" 
are loaded into the LH57256 and LH57256J through 
the procedure of programming. 


The programming mode is entered when +12.75 V 
is applied to the Vpp pin and CE/PGM is at Vic. A0.1 
uF capacitor between Vpp and GND is needed to pre- 
vent excessive voltage transients, which could damage 
the device. The address to be programmed is applied 
to the proper address pins. 8-bit patterns are placed 
on the respective data pins. The voltage levels should 
be standard TTL levels. 


ERASURE 


In order to clear all locations of their programmed 
contents, it is necessary to expose the LH57256J to an 
ultra-violet light source. A dosage of 15 W-second/cm 
is required to completely erase an LH57256J. This 
dosage can be obtained by exposure to an ultra-violet 
lamp (wave-length of 2,537 Angstroms (A)) with inten- 
sity of 12,000 wW/cm* for 20 to 30 minutes. The 
LH57256J should be about one inch from the source 
and all filters should be removed from the UV light 
source prior to erasure. 


It is important to note that the LH57256J and similar 
devices will erase with light sources having wave-length 


shorter than 4,000 A. Although erasure times will be 
much longer than with UV sources at 2,537 A, the 
exposure to fluorescent light and sunlight will eventually 
erase the LH57256J and exposure to them should be 
prevented to realize maximum system reliability. If used 
in such an environment, the package windows should 
be covered by an opaque label or substance. 


CAUTION 


Fluorescent light and sunlight contain UV rays which 
will erase the EPROM. To prevent deterioration of 


~ EPROM data due to UV rays, it is recommended that 


EPROMs should not be left under direct sunlight or 
fluorescent light, or the package window should be 
covered with an opaque material. 


Care must be taken to avoid friction between pack- 
age window and plastics or the like, as the resulting 
static-electric build-up may cause faulty operation. 


1. Vcc must be applied either coincidently or before 
Vpp and removed either coincidently or after Vpp. 


2. Vpp must not be greater than 13.5 volts including 
overshoot. 


3. During CE = PGM = Vi, Vpp must not be switched 
from Vcc to 12.75 volts or vice-versa. 


4. Removing or inserting the device while 12.75 volts 
is supplied may harm the reliability of the device. 
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SHARP 


CMOS 256K (32K x 8) OTPROM/EPROM LH57256/J 


\ START 


ADDRESS 
= ADDALSESS ADDRESS = LAST ADDRESS? 


Voc =5.0V: Vpp =5.0V 


ALL BYTES VERIFY 


PASS 


DEVICED PASSED (STOP) 





Figure 6. Programming Flowchart 
(Vcc = 6.25 V, Vpp = 12.75 V, tpw = 0.1 ms) 


ORDERING INFORMATION 


LH57256 X - ## 
Device Type Package Speed 


12 120° 
Lf 150 Access Time (ns) 


OTPROM 
Blank 28-pin, 600-mil DIP (DIP28-P-600) 
D 28-pin, 300-mil SK-DIP (DIP28-P-300) 


N 28-pin, 450-mil SOP (SOP28-P-450) 
EPROM 
J 28-pin, 600-mil CERDIP (WDIP28-G-600) 


* EPROM Only CMOS 256K (32K x 8) OTPROM/EPROM 
Example: LH57256N-15 (CMOS 256K (32K x 8) OTPROM, 150 ns, 28-pin, 450-mil SOP) 





L H5 15 1 2/ J CMOS 512K (64K x 8) OTPROM/EPROM 


FEATURES PIN CONNECTIONS 





e 65,536 x 8 bit organization 28-PIN CERDIP TOP VIEW 


e Access times: 
LH57512J: 120/150 ns 
LH57512: 150 ns 


e Single +5 V power supply. 


1 
2 
3 
4 
5 
6 
7 
8 


e High speed programming: 
SHARP original programming algorithm 
(13 second programming) 


e Low power consumption 
Operating: 165 mW (MAX.) 
Standby: 550 pW (MAX.) 


28-PIN DIP 
e Fully static operation 28-PIN SOP 


e Three-state outputs 
e TTLcompatible I/O 
e Pin compatible with i27512 


e Packages: 
EPROM 
28-pin, 600-mil CERDIP 
OTPROM 
28-pin, 600-mil DIP 
28-pin, 450-mil SOP 





e JEDEC standard pinout (CERDIP/DIP) Figure 1. Pin Connections for CERDIP, DIP, 
and SOP Packages 
DESCRIPTION 


~ The LH57512J is a CMOS UV erasable and electri- 
cally programmable read-only-memory organized as 
65,536 x 8 bits. It is pin compatible with the Intel i27512, 
and designed to have fast access time. 


The LH57512 is a one-time PROM packaged in 
plastic DIP. 
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CMOS 512K (64K x 8) OTPROM/EPROM LH57512/J 


ROW 524,288 
ADDRESS CELL MATRIX 
DECODER 


COLUMN OUTPUT 


ones pee 
ADDRESS = CONTROLLER 


DECODER 
OUTPUT 
CONTROL BUFFER 


SIGNAL 
GENERATOR 5 





PIN DESCRIPTION 
[—sienat_[___PNNAWE 


P Ao Ars | Addrose input iY 
[00-07 | Data output (input) =| 


Chip Enable input 


NOTE: 
1. Oo - O7 pins are also used to input data to the column output controller through input buffers in programming mode. 






SIGNAL 


a Output Enable/ 





Vec Power supply aa 


TRUTH TABLE 










Data out 

Read —_| Output disable 
nz | 4 |x 
pt] wa. 
Eos 


[Output disable 
a 
He 


[Program | Data | Lt | +1275 
Program | Program verily ar ee ee 
Program inhibit +12.75 











NOTE: 
X=Horl,H=Vn,L=Vir 
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LH57512/J CMOS 512K (64K x 8) OTPROM/EPROM 





ABSOLUTE MAXIMUM RATING 


yep 
aa ae 
ea 


Storage temperature Tstg Sila dldak | 2 | 
| 5510 +150 | ae ae 
NOTES: 


1. The maximum applicable voltage on any pin with respect to GND. 

Maximum ratings are those values beyond which damage to the device may occur. 
2. Applied to ceramic package. 
3. Applied to plastic package. 












| Supply voltage 








RECOMMENDED OPERATING CONDITIONS (Read Mode) (Ta = 0 to +70°C) 
[_raraweren | svweou [wm [ We [wax | UN 


[Supply Voltage | Veo | 45 | 50 | ss | V_ 
input "Low" vottage | Va_| 01 | | 08 |v 


input “High” votage | Vm | 22 | | Voowos | V _ 
DC CHARACTERISTICS (Read Mode) (Vcc =5 V+ 10%, Ta = 0 to +70°C) 
[PARAMETER | SYwBOL[ CONDITIONS [WIN | TWP | WAX | UN | NOTE | 


Pinput"Low' voltage | ve | ——SC=~dS PP 
a a a 
Ce ae ea a a a ze 
Output “High voltage | Vow | ton= 400A 
input eakage current | tu | Vw=GND or Voo _| 
[ouput eakapecurent [to | Vour= GND over | 

ec | CE 


ee ae a 
es ee ee ee a ee 
poto ft 
ocr | CE=GND+03V | | | 90 | mA 2 
| a a ee 
ptt t00 | | 
ee ee ee a eee 



























Vcc standby current | tsar | CE Vesa +0.3V 


seals 

. f= 5MHz, lour =O mA 
CMOS level: Vin = GND + 0.3 V or Vcc + 0.3 V 
3. TTLlevel: Vin = Vit or Vin 





AC CHARACTERISTICS (Read lace, (Vcc = Vpp=5 Vt 10%, Ta =0 to +70°C) 


| LH57512J-15 
LH57512J-12 


ee he eee 
eb ern 
|OEtooutputdelay | toe | 
| tor | 
| ton | 0 | 















Output enable high to output float 
| Address to output hold 
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CMOS 512K (64K x 8) OTPROM/EPROM LH57512/J 





AC TEST CONDITIONS 


a 
i a ce 
F Output reference tevel | 0av.2V 


780 OHMS 







NS ae 
[Output capacitance | Com | Vor-0v | —+(| 8 | 2 | oF 


toe 


lL Ff 





Figure 3. Timing Diagram (Read Mode) 


RECOMMENDED OPERATING CONDITIONS ih sa ee (TA = 25°C + 5°C) 


ag eee 


Program supply voltage | Vee | 125 | | 190 
eames ee 
ane 


Input “High” voltage Voc + 0.3 
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LH57512/J CMOS 512K (64K x 8) OTPROM/EPROM 


DC CHARACTERISTICS (Program Mode) 
(Vcc = 4.75 V to 6.75 V, Vpp = 12.75 V + 0.25 V, Ta = 25°C + 5°C) 














Finput leakage current |r | Ww=Vecoroasv | -10| | 10 | wa 
[Veo supply current | bo | SSSC~dSSC*‘iSC“‘ §}O ma 
Tver supply current | lp | Eva —S«dYSSSCSC*SSSC*idSC 
input Low" vottage | vu +t SStC~<“~*~*~*é*dCSYSSC*dCs 
input “Hight vottage | Vm | ———S=S~s—Sea | S~*dSCeo 08 
Output "Low" voltage | Va | taeaimA || —~dY—sioms 
Output “High* voltage [Vow | low=-400ua[| 24 [| «dt iv 





AC CHARACTERISTICS (Program Mode) 
(Vcc = 4.75 V to 6.75 V, Vpp = 12.75 V+ 0.25 V, Ta = 25°C + 5°C) 























[PARAMETER | svMBoL [WIN [TYR | MAX | UNT 
Address setup time | tas | 
[Data setuptime «| tos 
[Output enable hold time | toen 
[Address hold time | ta 
[Data holdtime (| —tow 
Dns 
[Program pulse width | __tew 
[Program pulse count | _N 





‘ DATA INPUT ) {f DATAOUTPUT J 
rz ; 





Figure 5. Timing Diagram (Program Mode) 
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CMOS 512K (64K x 8) OTPROM/EPROM 


PROGRAMMING 


Upon delivery from SHARP, the LH57512 and 
LH57512J have all 65,536 x 8 bits in the "1", or high 
state. "0’s" are loaded into the LH57512 and LH57512J 
through the procedure of programming. 


The programming mode is entered when appropriate 
pulses shown in the AC characteristics and timing dia- 
gram are applied to the OE/Vpp pin and CE pin. A0O.1 
uF capacitor between OE/Vpp and GND is needed to 
prevent excessive voltage transients, which could dam- 
age the device. The address to be programmed is 
applied to the proper address pins. 8-bit patterns are 
placed on the respective data pins. The voltage levels 
should be standard TTL levels. 


ERASURE 


In order to clear all locations of their programmed 
contents, it is necessary to expose the LH57512J to an 
ultra-violet light source. Adosage of 15 W-second/cm 
is required to completely erase an LH57512J. This 
dosage can be obtained by exposure to an ultra-violet 
lamp (wave-length of 2,937 Angstroms (A)) with inten- 
sity of 12,000 pwW/cm* for 20 to 30 minutes. The 
LH57512J should be about one inch from the source 
and all filters should be removed from the UV light 
source prior to erasure. 


It is important to note that the LH57512J and similar 
devices will erase with light sources having wave-length 
shorter than 4,000 A. Although erasure times will be 
much longer than with UV sources at 2,537 A, the 
exposure to fluorescent light and sunlight will eventually 
erase the LH57512J and exposure to them should be 
prevented to realize maximum system reliability. If used 


Table 1. Product Identification Mode 


[senate 
pew [0 

wanen cove [va [+ 
[pence cove [vw | 1 


NOTES: 
1. Ag=12V+ 05V 


2. A1-As, Ato - Ais, CE, OE/Vpp = Vi 










| O% | o5 | o% | Oo | m% | 
19) | ey | 7 | ce) | cs) | (ta) | 42) | cat) | DATA 
ae a 
Las 


LH57512/J 


in such an environment, the package windows should 
be covered by an opaque label or substance. 


CAUTION 


Fiuorescent light and sunlight contain UV rays which 
will erase the EPROM. To prevent deterioration of 
EPROM data due to UV rays, it is recommended that 
EPROMs should not be left under direct sunlight or 
fluorescent light, or the package window should be 
covered with an opaque material. 


Care must be taken to avoid friction between pack- 
age window and plastics or the like, as the resulting 
static-electric build-up may cause faulty operation. 


1. Vcc must be applied either coincidently or before 
Vpp and removed either coincidently or after Vpp. 


2. Vpp must not be greater than 13.5 volts including 
overshoot. 


3. During CE = Vi_, OE/Vpp must not be switched 
from Vcc to 12.75 volts or vice-versa. 


4. Removing or inserting the device while 12.75 volts 
is supplied may harm the reliability of the device. 


PRODUCT IDENTIFICATION MODE 


LH57512/J enters a product identification mode by ap- 
plying 12 V (Note 1) on AQ pin during a Read mode. 
Maker code is output on data output pins when all other 
address pins and control pins are set at Vit level (Note 
2) during the product identification mode. Device code 
is output when Ao pin is set at ViH level. The programing 
condition or PROM writer can be set automatically by 
using this function. 







| 0 | Bo | 
| 0 | co 








SHARP 


LH57512/J CMOS 512K (64K x 8) OTPROM/EPROM 





(start _) 


ADDRESS =- START ADDRESS 


Voc = 5.0 V: Vpp = 12.75 V 









PROGRAM (tpw = 0.1 ms) 


i 


ADDRESS = ADDRESS + 1 





ADDRESS = LAST ADDRESS? 


YES 


ADDRESS = START ADDRESS} 


Voc =6.5V Vpp = 12.75 V 






| PROGRAM (tew = 0.1 ms) 


4 


ADDRESS = ADDRESS + 1 


ADDRESS = LAST ADDRESS? na 


| YES 
Voc = Vpp = 6.0 V 







ALL BYTES VERIFY — 
| PASS 
DEVICE PASSED (STOP) DEFECTIVE 


57512-6 


Figure 6. Programming Flowchart 
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CMOS 512K (64K x 8) OTPROM/EPROM LH57512/J 





ORDERING INFORMATION 


LH57512 X 
Device Type Package 


12 120* 


15 150 Access Time (ns) 


OTPROM 

Blank 28-pin, 600-mil DIP (DIP28-P-600) 

N 28-pin, 450-mil SOP (SOP28-P-450) 
EPROM 

J 28-pin, 600-mil CERDIP (WDIP28-G-600) 


CMOS 512K (64K x 8) OTPROM/EPROM 


* EPROM Only 
Example: LH57512N-15 (CMOS 512K (64K x 8) OTPROM, 150 ns, 28-pin, 450-mil SOP) 
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LHS71000/J 


CMOS 1M (128K x 8) OTPROM/EPROM 





FEATURES 


131,072 x 8 bit organization 


Access times: 
LH571000J: 120/150 ns (MAX.) 
LH571000: 150 ns (MAX.) 


Single +5 V power supply 


High speed programming: 
SHARP original programming algorithm 
(26 second programming) 


Low power consumption: 
Operating: 220 mW (MAX.) 
Standby: 550 wW (MAX.) 


Fully static operation 
Three-state outputs 
TTL compatible I/O 


Packages: 
EPROM 
32-pin, 600-mil CERDIP 
OTPROM 
32-pin, 600-mil DIP 


JEDEC standard 28-pin 1M mask ROM 
pinout 


DESCRIPTION 


The LH571000J is a CMOS UV erasable and elec- 


trically programmable read-only-memory organized as 
131,072 x 8 bits. 


The LH571000 is a one-time PROM packaged in 


plastic DIP. 
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32-PIN CERDIP 





PIN CONNECTIONS 


TOP VIEW 


1 
2 
3 
4 
5 
6 
7 
8 
9 


32-PIN DIP 


Figure 1. Pin Connections for CERDIP 
and DIP Packages 


SHARP 


CMOS 1M (128K x 8) OTPROM/EPROM LH571000/J 


ROW 
ADDRESS 
DECODER 1.048.576 


CELL MATRIX 


COLUMN 


ADDRESS COLUMN OUTPUT 
DECODER CONTROLLER 


OUTPUT 
BUFFER 





Figure 2. LH571000/J Block Diagram 


PIN DESCRIPTION 


[SeNAL__[__ PAE [NOTE 
Pao Ave | Address input 
[09-7 | Data output (input) | a 
[GE | Chip Enable input | 
[8E [Output Enable input | 
[FGM [Program input | 


NOTE: 
1. Op -O7 pins are also used to input data to the column output controller through input buffers in programming mode. 






















SIGNAL NOTE 


| Vpp sd Programpower = is] 

[Power supply +t SSS 
[eno | Ground 
[Non connection | —*d 






TRUTH TABLE 


Vpp 


Read | Output deable | HighZ | [HW | xX | ssvV | v5v 


a 
Pe wt [sev | ary 
ee | 


| Program cw [sev | 275v_ 
[Program inhib | Highz | H | x | x | vesv | v1275V_ 
NOTE: 


X=Horl,H=Vin,lL=Vit 
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LH571000/J CMOS 1M (128K x 8) OTPROM/EPROM 


ABSOLUTE MAXIMUM RATING 


| | Veco | -0.6 to +7.0 | | 
Supply voltage -0.6 to +13.5 vo | 


| -65 to +150 
Storage temperature Tstg | 6510 +150 _ °C 
-55 to +150 
NOTES: 


1. The maximum applicable voltage on any pin with respect to GND. 

Maximum ratings are those values beyond which damage to the device may occur. 
2. Applied to ceramic package. 
3. Applied to plastic package. 





RECOMMENDED OPERATING CONDITIONS (Read Mode) (Ta = 0 to +70°C) 





| Suppy votege Wee} 45 |} 50 | _ 83 
pp 


V 
Tiaput tow vortage | ve | o1 {| o8 | v 
input *High*vottage | Va | 22 | |Vecsoal v 






Output “Low” voltage | VoL | lo. = 2.1 mA 
Output "High" voltage loH = -400 pA 
Vin = GND or Vec 
| to — | Vour = GND or Vec 
, Icct CE =GND+0.3V 
Vcc operating current — 
loce 


Input load current 
Output leakage current 


| loos 
| loca | 

[| Ver supply current | pp |p sVoo 
| Vee 


CE=Vcct+0.3V 


Vpp pin voltage 





VIH 
VoL 
lu 
ILo 
Vpp 
Vcc standby current = 


NOTES: 

1. f = 5MHz, lour=OmA 

2. CMOS level: Vin = GND + 0.3 V or Vcc + 0.3 V 
3. TTLinput: Vin = Vit or Vin 
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CMOS 1M (128K x 8) OTPROM/EPROM LH571000/J 





AC CHARACTERISTICS (Read Mode) (Vcc = 5 V+ 10%, Ta = 0 to +70°C) 


LH571000J-15 
LH571000J-12 
PARAMETER SYMBOL Real oro. UNIT 


PE MIN, | max. [ MIN, | MAX, | 











PSE we cup delay ee | eo 
FOE to ouputdelay ———~S—«d toe | Sid 
[Output disable high to oviput oat | tor | 0 | 40 
PAdaross to ouputrois «if ton | 0 | 


AC TEST CONDITIONS 






























PARAMETER 
| Input capacitance _| capacitance 
Output capacitance 









Figure 4. Timing Diagram (Read Mode) 


SHARP 5-75 


LH571000/J CMOS 1M (128K x 8) OTPROM/EPROM 





RECOMMENDED OPERATING CONDITIONS (Program Mode) (Ta = 25°C + 5°C) 


SS 





Supply voltage 







input | Input "Low" voltage —_| | Input "Low" voltage —_| 
Input "High" voltage 





DC CHARACTERISTICS (Program Mode) 
(Vcc = 4.75 V to 6.75 V, Vpp = 12.75 V + 0.25 V, Ta = 25°C + 5°C) 








input leakage current | hu | Vw=Vocoroasv | 10 || 10 [wa 
Vcc supply current Icc 


| tec 
cpr | 
Input "High" voltage 
| Vou 
| Von _| 







POM 


Output "Low” voltage lo. = 2.1 mA 
Output “High” voltage loH = -400 pA 


AC CHARACTERISTICS (Program Mode) 
(Vcc = 4.75 to 6.75 V, Vpp = 12.75 + 0.25 V, Ta = 25°C+ 5°C) 





* The pulse width is defined by the Program Flowchart (Figure 6). 
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CMOS 1M (128K x 8) OTPROM/EPROM LH571000/J 


HIGH Z . 
‘ DATA INPUT ) ( DATA OUTPUT ' 





Figure 5. Timing Diagram (Program Mode) 
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LH571000/J 


CMOS 1M (128K x 8) OTPROM/EPROM 





PROGRAMMING 


Upon delivery from SHARP or after each erasure 
(see Erasure section), the LH571000 and LH571000J 
have all 131,072 x 8 bits in the "1", or high state. “O's” 
are loaded into the LH571000 and LH571000J through 
the procedure of programming. 


The programming mode is entered when +12.75 V 
is applied to the Vpp pin and CE is at Vit. A0.1 pF 
capacitor between Vpp and GND is needed to prevent 
excessive voltage transients, which could damage the 
device. The address to be programmed is applied to 
the proper address pins. 8-bit patterns are placed on 
the respective data pins. The voltage levels should be 
standard TTL levels. 


ERASURE 


in order to clear all locations of their programmed 
contents, it is necessary to expose the LH571000J to 
an ultra-violet light source. A dosage of 15 W-sec- 
ond/cm’ is required to completely erase an LH571000u. 
This dosage can be obtained by exposure to an ultra- 
violet lamp (wave-length of 2,537 Angstroms (A)) with 
intensity of 12,000 W/cm? for 20 to 30 minutes. The 
LH571000J should be about one inch from the source 
and all filters should be removed from the UV light 
source prior to erasure. 


It is important to note that the LH571000J and similar 
devices will erase with light sources having wave-length 
shorter than 4,000 A. Although erasure times will be 
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much longer than with UV sources at 2,537 A, the 
exposure to fluorescent light and sunlight will eventually 
erase the LH571000J and exposure to them should be 
prevented to realize maximum system reliability. If used 
in such an environment, the package windows should 
be covered by an opaque label or substance. 


CAUTION 


Fluorescent light and sunlight contain UV rays which 
will erase the EPROM. To prevent deterioration of 
EPROM data due to UV rays, it is recommended that 
EPROMs should not be left under direct sunlight or 
fluorescent light, or the package window should be 
covered with an opaque material. 


Care must be taken to avoid friction between pack- 
age window and plastics or the like, as the resulting 
Static-electric build-up may cause faulty operation. 


1. Vcc must be applied either coincidently or before 
Vpp and removed either coincidently or after Vpp. 


2. Vpp must not be greater than 13.5 volts including 
overshoot. 


3. During CE = PGM = Vi, Vpp must not be switched 
from 5 volts to 12.75 volts or vice-versa. 


4. Removing or inserting the device while 12.75 volts 
is supplied may harm the reliability of the device. 


SHARP 


CMOS 1M (128K x 8) OTPROM/EPROM LH571000/J 





WRITE START 
ADDRESS = START ADDRESS 
Voc =5.0V: Vpp = 12.75 V 


PROGRAM (tew = 0.1 ms) 












TNO 


<VERIFY > 


| ADDRESS ~- ADDRESS + 1 


ADDRESS = LAST ADDRESS? 


| ADDRESS ~- ADDRESS + 1 


NO 


ALL BYTES VERIFY PAIL 
[PASS 
REJECT 


571000-6 


Figure 6. Programming Flowchart 
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LH571000/J CMOS 1M (128K x 8) OTPROM/EPROM 


ORDERING INFORMATION 


LH571000 X - ## 
Device Type Package Speed 


12 120° 
i 450 Access Time (ns) 


OTPROM 

Blank 32-pin, 600-mil DIP (DIP32-P-600) 
EPROM 

J 32-pin, 600-mil CERDIP (WDIP32-G-600) 


CMOS 1M (128K x 8) OTPROM/EPROM 


* EPROM Only 
Example: LH571000-15 (CMOS 1M (128K x 8) OTPROM, 150 ns, 32-pin, 600-mil DIP) 
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LH571001/J 


CMOS 1M (128K x 8) OTPROM/EPROM 





FEATURES 
e 131,072 x 8 bit organization 


e Access times: 
LH571001J: 120/150 ns (MAX.) 
LH571001: 150 ns (MAX.) 


e Single +5 V power supply 


e High speed programming: 
SHARP original programming algorithm 
(26 second programming) 


e Low power consumption: 
Operating: 220 mW (MAX.) 
Standby: 550 pW (MAX.) 


e Fully static operation 
e Three-state outputs 
e TTL compatible I/O 


e Packages: 
EPROM 
32-pin, 600-mil CERDIP 
OTPROM 
32-pin, 600-mil DIP 


e JEDEC standard 28-pin 512K EPROM 
pinout 


DESCRIPTION 


The LH571001J is a CMOS UV erasable and elec- 
trically programmable read-only-memory organized as 
131,072 x 8 bits. 


The LH571001 is a one-time PROM packaged in 
plastic DIP. 


SHARP 





PIN CONNECTIONS 


32-PIN CERDIP TOP VIEW 


1 
2 
3 
4 
5 
6 
7 
8 
9 


32-PIN DIP 


Figure 1. Pin Connections for CERDIP 
and DIP Packages 


LH571001/J CMOS 1M (128K x 8) OTPROM/EPROM 


ROW ! 
ADDRESS 
DECODER | 1,048,576 


CELL MATRIX 


COLUMN 


| ADDRESS | | 
DECODER | | | COLUMN OUTPUT 


CONTROLLER 


OE @C 


CE @)———=}_ SIGNAL | OUTPUT 


PEM 6) GENERATOR BUFFER 
63 (O-) L4 


obese 


Voc GND Vpp Oy Oy 30> “Ox: “Op “Og: Og: “0, 





Figure 2. LH571001/J Block Diagram 


PIN DESCRIPTION 


en aoe 
Pho Ave | Address input | 
[00-07 | Data output (input) | 1 
[_GE___| Chip Enabie input | 
[EJ Output Enable input | 
[FGM | Program input 


NOTE: 
1. Oo - 7 pins are also used to input data to the column output controller through input buffers in programming mode. 














Sena [Pa 
[Vee | Program power | 
[Vee | Power supply | 
[end [Ground 
[Nc [Non connection | 











TRUTH TABLE 
[WOE SSCS~*dSC«t 


A, i aT aie cAaasshirsnee 


Read Output disable 
| Standby 





[Program | 
Program | Program verily 
Program inhibit 


X=HorL, H=Vin,L= Vit 


NOTE: 
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CMOS 1M (128K x 8) OTPROM/EPROM LH571001/J 





ABSOLUTE MAXIMUM RATING 
[PanawereR | svweot_[ RATING [UNIT | NOTE 


ES iS a TAT Se ein Ae AN 


[Veo | 0.610476 
0.6 to +13.5 V 1 
[Vn 0.61047. 


Operating temperature ae) ee 


Storage temperature Tstg = | -65to+150_| | -65to+150_| he i 
-55 to +150 


NOTES: 
1. The maximum applicable voltage on any pin with respect to GND. 
Maximum ratings are those values beyond which damage to the device may occur. 
2. Applied to ceramic package. 
3. Applied to plastic package. 














Supply voltage 





RECOMMENDED OPERATING CONDITIONS (Read Mode) (Ta = 0 to +70°C) 
[PARAMETER | SvMBOL [| MN [TR | WAX | ONT 


Speigusnsae | Mec | 45 | 50 | 55 | y 


input tow'vokage | Vn | 01 | | 08 | v_ 
input *High® votage | Vw [22 [| Weovoa |v] 











a 
Pept ah vetage | ve [I 

[Output “Low votage | Vo | tas2imA | 

[Output “High” votage | Von | lon= 400 uA 

input leakage current 

eaten sret |u| fanene | 

Tees 


| Voc operating current lect CE = GND +0.3V 


Vor supply curen re | Ws vos 


| + 
Vcc standby current CE ae 0.3V 
ae eel 


NOTES: 

1. f = 5MHz, lour =O mA 

2. CMOS input: Vin = GND + 0.3 V or Vcc + 0.3 V 
3. TTLinput: Vin = Vit or Vin 





AC CHARACTERISTICS (Read Mode) (Vcc = 5 V + 10%, Ta = 0 to +70°C) 


LH571001J-15 
ce 001J-12 
PARAMETER SYMBOL LH571001-15 UNIT 


ee 
Lito ae ae 

[OE to outputdelay ite 
Output disable high to outputfloat | tor | 
[Address to output hold | ton 
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LH571001/J | CMOS 1M (128K x 8) OTPROM/EPROM 





AC TEST CONDITIONS 


[_rarawereR _[—~SOwODE 


780 OHMS 







100 pF * 





L 


* INCLUDES JIG AND SCOPE CAPACITANCES 





Figure 3. Output Load Circuit 
CAPACITANCE (Ta = 25°C, f = 1MHz) 


[PARAMETER | Svwpoi_| conomons [win [| TYR | MAX | UNIT | 


Pinput capacitance ~~~ | Wweov || 4 | 6 | pF 
[Output capacitance ——«|~—Cour—*(| ‘Vorr=ov | | 8 | 12 | oF 






ee 
<< ECE See 
HIGH-Z L\ 4 DATA VALID ) 


Figure 4. Timing Diagram (Read Mode) 





RECOMMENDED OPERATING CONDITIONS (Program Mode) (Ta = 25°C + 5°C) 
[_PaRAWETER | SYMBOL _[ WN | TR | MAX | UNIT 


Saisie | vec | 475 | | 75 | 
275 | 130 
Input "Low” voltage 


vu for] | oe 
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CMOS 1M (128K x 8) OTPROM/EPROM LH571001/J 





DC CHARACTERISTICS (Program Mode) 
(Vcc = 4.75 V to 6.75 V, Vpp = 12.75 V + 0.25 V, Ta = 25°C + 5°C) 



















PARAMETER | SYMBOL__| CONDITIONS 
Vw=Vocoraasv | 10] +. 10.*«| WA 
Vcc supply current [leo | we aA 
[Ver supply current | bp | CE=PGM-Via | [so | ya 
input Low" voltage |W if SSS~C [045 

input “High voltage | _Vw | SSS 

Output "Low" voltage 

Output *High* voltage 





AC CHARACTERISTICS (Program Mode) 


(Vcc = 4.75 to 6.75 V, Vpp = 12.75 + 0.25 V, Ta = 25°C + 5°C) 
SYMBOL TYP 


Address setup time 


i piers 
Data setup time ——S~*dCSCts 
Output enable setup time | toes 
[Address hold time Sita 
Data hotdtime ——SSSS*dSt 
<a 

3 [oF 


























[Program pulse widih® Site 


HIGH 
IMPEDANCE 
a 
i od tc 


typ 
o-- 





Figure 5. Timing Diagram (Program Mode) 
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LH571001/J 


CMOS 1M (128K x 8) OTPROM/EPROM 





PROGRAMMING 


Upon delivery from SHARP or after each erasure 
(see Erasure section), the LH571001 and LH571001J 
have all 131,072 x 8 bits in the "1", or high state. "0's" 
are loaded into the LH571001 and LH571001J through 
the procedure of programming. 


The programming mode is entered when +12.75 V 
is applied to the Vpp pin and CE is at Vit. A0.1 uF 
capacitor between Vpp and GND is needed to prevent 
excessive voltage transients, which could damage the 
device. The address to be programmed is applied to 
the proper address pins. 8-bit patterns are placed on 
the respective data pins. The voltage levels should be 
standard TTL levels. 


ERASURE 


In order to clear all locations of their programmed 
contents, it is necessary to expose the LH571001J to 
an ultra-violet light source. A dosage of 15 W-sec- 
ond/cm? is required to completely erase anLH571001J. 
This dosage can be obtained by exposure to an ultra- 
violet lamp (wave-length of 2,537 Angstroms (A)) with 
intensity of 12,000 W/cm? for 20 to 30 minutes. The 
LH571001J should be about one inch from the source 
and all filters should be removed from the UV light 
source prior to erasure. 


It is important to note that the LH571001J and similar 
devices will erase with light sources having wave-length 
shorter than 4,000 A. Although erasure times will be 
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much longer than with UV sources at 2,537 A, the 
exposure to fluorescent light and sunlight will eventually 
erase the LH571001J and exposure to them should be 
prevented to realize maximum system reliability. If used 
in such an environment, the package windows should 
be covered by an opaque label or substance. 


CAUTION 


Fluorescent light and sunlight contain UV rays which 
will erase the EPROM. To prevent deterioration of 
EPROM data due to UV rays, it is recommended that 
EPROMs should not be left under direct sunlight or 
fluorescent light, or the package window should be 
covered with an opaque material. 


Care must be taken to avoid friction between pack- 
age window and plastics or the like, as the resulting 
static-electric build-up may cause faulty operation. 


1. Vcc must be applied either coincidently or before 
Vpp and removed either coincidently or after Vpp. 


2. Vpp must not be greater than 13.5 volts including 
overshoot. 


3. During CE = PGM = Vi, Vpp must not be switched 
from 5 volts to 12.75 volts or vice-versa. 


4. Removing or inserting the device while 12.75 volts 
is supplied may harm the reliability of the device. 


SHARP 


CMOS 1M (128K x 8) OTPROM/EPROM LH571001/J 





\ WRITE START 


{ 


ADDRESS = START ADDRESS 


Voc =5.0V: Vpep =12.75V 














PROGRAM (tpw=0.1ms) | 


1 


| ADDRESS =- ADDRESS + 1 


ADDRESS = LAST ADDRESS? 


ADDRESS = START ADDRESS 


' 


Veo =6.5V Vpp=12.75V_ | 







PROGRAM (tpw=0.1ms) | 


pceee ADDRESS = ADDRESS + 1 


NO 





ADDRESS = LAST ADDRESS? 


YES 


‘ Voc = Vpp = 6.0 V 







ALL BYTES VERIFY PAIL 


, PASS 


WRITE COMPLETE REJECT : 


571001-6 


Figure 6. Programming Flowchart 
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LH571001/J CMOS 1M (128K x 8) OTPROM/EPROM 


ORDERING INFORMATION 


LH571001 X - ## 
Device Type Package Speed 


12 120° ; 
L_{i 450 Access Time (ns) 


OTPROM 


Blank 32-pin, 600-mil DIP (DIP32-P-600) 
EPROM 


J 32-pin, 600-mil CERDIP (WDIP32-G-600) 


CMOS 1M (128K x 8) OTPROM/EPROM 
* EPROM Only 


Example: LH571001J-15 (CMOS 1M (128K x 8) EPROM, 150 ns, 32-pin, 600-mil CERDIP) 
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NAG RAs 2 
[_ePROMSTOTPROMS — 5 
MASK PROGRAMMABLE ROMS —- 6 


| APPLICATION AND TECHNICAL INFORMATION - 9 | 
| PACKAGING — 10 | 



















LH2369 


NMOS 64K (8K x 8) Mask Programmable ROM 





FEATURES 


8,192 x 8 bit organization 
Access time: 200 ns (MAX.) 


Power consumption: 
Operating: 330 mW (MAX.) 
Standby: 220 mW (MAX.) 


Programmable S1/S1/DC and S2/S2/DC 
(Selectable CE or OE type) 


Fully static operation 

TTL compatible I/O 
Three-state outputs 
Single +5 V power supply 


Package: 
28-pin, 600-mil DIP 


JEDEC standard EPROM pinout 


SHARP 





DESCRIPTION 


The LH2369 is a mask programmable ROM organ- 
ized as 8,192 x 8 bits. It is fabricated using silicon-gate 
NMOS process technology. 


PIN CONNECTIONS 


28-PIN DIP TOP VIEW 


27 |_)S,/S,/DC 
26|-1S/S/DC 


1 
2 
3 
4 
5 
6 
7 
8 
9 


NOTE: DC = Don'tcare 


Figure 1. Pin Connections for DIP Package 


6-1 


LH2369 NMOS 64K (8K x 8) Mask Programmable ROM 


(8,192 x 8) 
ROM 
CELL ARRAY 


fo 
uu 
Q 
O 
O 
Ww 
Q 
Y”) 
“”) 
ud 
a 
Q 
a 
< 


COLUMN OUTPUT 
CONTROLLER 


| , OUTPUT 
SIGNAL 
GENERATOR BUFFER 


eeeeeee. 


D. 





Figure 2. LH2369 Block Diagram 


PIN DESCRIPTION 


Address input a 
[Do-Dy | Dataouput ———SSS*dS 


| $1/S1/DC ; | 
[GE [Oat enatie ap | 


NOTES: 
1. Pin 26 and pin 27 are used to select either CE or OE by mask program. 


The active level of these pins are also mask programmable. Selecting DC allows the chip to be active for both high and low levels applied 
to these pins. However, it is recommended to apply either a "High" or "Low" to the DC pin. 


ee cer 
S1/S1/DC CE;/CE;/DC OE;/OE1/DC 



















SIGNAL__[_PINNAME ___|_ NOTE 
Chip enable input a 


ce 
Power supply W5¥) | 
ns 


Ground 












S2/S2/DC | CE2/CE2/DC OE2/OE2/DC 
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NMOS 64K (8K x 8) Mask Programmable ROM LH2369 





TRUTH TABLE 
(1) TYPE 1 (CE TYPE OF S1 AND Sz) 


CE,/CE, CE2/CE2 


Standby (Isp) 


Standby (isp) 


Non selected 








PARAMETER SYMBOL RATING UNIT NOTE 


Supply vottage | Voc | -ostowo |v | 1 
Finputvottage (| Ww | -otow7o |v | 4 
output votage | Vour | 0.310470 |v | 1 

oo 











| Operating ‘ 
Storage temperature -55 to +150 ae ee 


NOTE: 
1. The maximum applicable voltage on any pin with respect to GND. 





RECOMMENDED OPERATING CONDITIONS (Ta = 0 to +70°C) 
[PARAMETER | SYMBOL | WIN | TR | WAX | ONT | 


DC CHARACTERISTICS (Vcc = 5 V+ 10%, Ta = 0 to +70°C) 


Input "High" voltage 
VOH 
| 
Icc 


_ eee onWnnnaaE——— Eo E—eeeeeeee=eS=e_ ll TT Se 


[Output *High* vottage | Vow | low = -200 nA | 


| Operating current Stee sack Kah 
piney cue | ie | 

NOTES: ___ _ 

1. CE/OE/S1/S2 = Vin or S1/Se2 = Vit . 


2. Vin = ViwVi, CE = Vi, CEVCE1 = VinViL, CE2/CE2 = Viw/Vit (CE type) 
3. CE = Vin, CEV/CE, = ViL/Vin or CEo/CE2 = Vi/Vin (CE type) 
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LH2369 | | NMOS 64K (8K x 8) Mask Programmable ROM 





AC CHARACTERISTICS (Vcc = 5 V+ 10%, Ta = 0 to +70°C) 
PARAMETER 


Output hold time 


NOTE: 
1. This is the time required for the output to become high-impedance. 





AC TEST CONDITIONS 


| PARAMETER | RATING | 
Input voltage amplitude 0.6 Vto2.2V 






input risefalltime | _10ne 


CAPACITANCE (Vcc = 5 V + 10%, f = 1 MHz, Ta = 25°C) 


PARAMETER SYMBOL 
Input capacitance 
Output capacitance CouT 







CE/CE,/CE, 
CE,/CE, 


2 Ee ors FFP 
0° “7 V\ \4 DATA VALID TTT 


NOTE: Data becomes valid after ta,, tace and tog from address input, 
chip enable input and output enable input respectively have been met. 





Figure 3. Type 1 
(CE Type of S1 and S2) 
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NMOS 64K (8K x 8) Mask Programmable ROM 


tan (NOTE) 


OE/OE,/OE> 
OE,/OE> 
Do- Dz 


NOTE: Data becomes valid after the ta, tace and tog from address input, 
chip enable input and output enable input respectively have been met. 


Figure 4. Type 2 
(OE Type of Si and S2) 


ORDERING INFORMATION 


LH2369 D ~ H# 
_ Device Type Package Speed 


aa 20 200 Access Time (ns) 
28-pin, 600-mil DIP (DIP28-P-600) 


NMOS 64K (8K x 8) Mask Programmable ROM 


Example: LH2369D-20 (NMOS 64K (8K x 8) Mask Programmable ROM, 200 ns, 28-pin, 600-mil DIP) 


LH2369 — 








SHARP 


LH23126 


NMOS 128K (16K x 8) Mask Programmable ROM 





FEATURES 


16,384 x 8 bit organization 
Access time: 200 ns (MAX.) 


Power consumption: 
Operating: 440 mW (MAX.) 


Mask-programmable chip enable 
CEo/CEo/NC, CE1/CE1/NC 


Fully static operation 

TTL compatible I/O 
Three-state outputs 
Single +5 V power supply 


Package: 
28-pin, 600-mil DIP 


JEDEC standard EPROM pinout 


DESCRIPTION 


The LH23126 is a mask programmable ROM organ- 
ized as 16,384 x 8 bits. It is fabricated using silicon-gate 
NMOS process technology. 


PIN CONNECTIONS 


28-PIN DIP TOP VIEW 





Figure 1. Pin Connections for DIP Package 


SHARP 


NMOS 128K (16K x 8) Mask Programmable ROM 


ADDRESS BUFFER 


o 
lu 
9 
Lu 
ian) 
” 
Y”) 
Ww 
oa 
Q 
QO 
< 


e: 
BUFFER 


CE,/CE,/NC cy 





LH23126 


MEMORY 
MATRIX 
(16,384 x 8) 


COLUMN SELECTOR 


SENSE AMPLIFIER 


Do D, Do D3 Dy Ds 


Figure 2. LH23126 Block Diagram 


PIN DESCRIPTION 


| Ao-Aig._| Address input ——t—~—=sCS input 
04:8 a ar 


| Chip enable input/non- 
Chip enable input/non- 
excine | seereor | 


NOTE: 










| NOTE 












SIGNAL 


(SIGNAL [| __PINNAME (| _NOTE | 
Output enable input 


ieee aa 
eT 
[end [Ground 






1. The active level and non-connection of CEo/CEo/NC, CE1/CEW/NC, OE/OE are mask programmable. 


TRUTH TABLE 





LH23126 NMOS 128K (16K x 8) Mask Programmable ROM 





ABSOLUTE MAXIMUM RATINGS 


Supply voltage | Voc | Oswa70 |v | 
input votage «(| Ww | -0.3tov70 | Vv 
output votage ‘| Vor | ostov70 |v _ 


| Storage temperature -55 to +150 


NOTE: 
1. The maximum applicable voltage on any pin with respect to GND. 












RECOMMENDED OPERATING CONDITIONS (Ta =0 to +70°C) 


Supply wage | vec | 45 | s | ss |v 


DC CHARACTERISTICS (Vcc = 5 V + 10%, Ta = 0 to +70°C) 


Input "High" voltage 


Output "High" voltage 


vin | 
Tt 


| Output leakage current Vout = 0 V to Vcc 
Current consumption —_— | lec _| tre = tac (MIN.) 
say [ee 





ViH | 22 | | 

Vou ar aa 

| Von | lon=-400nA | 24 | 

Input leakage current | tl | Vin=0VtoVer | || 
| or 

loc ae an 

| isa ae ee 


NOTES: 

1. CEo/CEV/OE = Vin or CEp/CEV/OE = Vit 

2. Vin = ViWViL, CEo/CEo = Vin/Vi, CE1/CE1 = Vin/Vit, outputs open. 
3. CEo/CEo = Vit/Vin or CEW/CE1 = Vil/Vin 


AC CHARACTERISTICS (Vcc = 5 V + 10%, Ta = 0 to +70°C) 
PARAMETER 


| Read cycle time tRc 
Chip enable time 


[Output enable time | toe 
Output hold time | tow | 10 


NOTE: 
1. This is the time required for the output to become high-impedance. 
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NMOS 128K (16K x 8) Mask Programmable ROM LH23126 





AC TEST CONDITIONS 


PARAMETER RATING 
Input voltage amplitude 0.6 Vto2.2V 
Input rise/fall time 


Input reference level 
Output reference level 0.8 V and 2.0 V 
Output load condition 1TTL +100 pF 


CAPACITANCE (Vcc = 5 V + 10%, f = 1 MHz, Ta = 25°C) 


input capacitance | cn ||| 8 | pF | 
[Output capacitance | Cor | | *+(| _10_~| oF 





ar (TT 
0-7 v\ \4 DATA VALID 


NOTE: Data becomes valid after ta, tace and tog from address inputs, 
chip enable and output enable respectively have been met. 





Figure 3. Timing Diagram 


ORDERING INFORMATION 


LH23126 D - ## 
Device Type Package Speed 


i 20 200 Access Time (ns) 
28-pin, 600-mil DIP (DIP28-P-600) 


NMOS 128K (16K x 8) Mask Programmable ROM 


Example: LH23126D-20 (NMOS 128K (16K x 8) Mask Programmable ROM, 200 ns, 28-pin, 600-mil DIP) 


23126-4 





LH23255 


NMOS 256K (32K x 8) Mask Programmable ROM 





FEATURES 


32,768 x 8 bit organization 
Access time: 200 ns (MAX.) 


Power consumption: 
Operating: 440 mW (MAX.) 
Standby: 248 mW (MAX.) 


Programmable CE/CE and OE/OE 
Fully static operation 

TTL compatible I/O 

Three-state outputs 

Single +5 V power supply 


Package: 
28-pin, 600-mil DIP 


JEDEC standard EPROM pinout 
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DESCRIPTION 


The LH23255 is a mask programmable ROM organ- 
ized as 32,768 x 8 bits. It is fabricated using silicon-gate 
NMOS process technology. 


PIN CONNECTIONS 


28-PIN DIP TOP VIEW 


1 
2 
3 
4 
5 
6 
7 
8 


Figure 1. Pin Connections for DIP Package 


SHARP 


NMOS 256K (32K x 8) Mask Programmable ROM LH23255 


MEMORY 
MATRIX 
(32,768 x 8) 


ADDRESS BUFFER 
ADDRESS DECODER 


COLUMN SELECTOR 


SENSE AMPLIFIER 


OUTPUT BUFFER 


hoadoad d 





Figure 2. LH23255 Block Diagram 


PIN DESCRIPTION 


CSiGNAL_[__PNNAWE_[_NOTE_ 
Ao Ave | Address input |S 
Do-Dr | Data output | 
[CEE | Chip enabie input | 1 
[OEE | Output enable input_| 1 _| 


NOTE: 
1. The active level of CE/CE and OE/OE are mask programmable. 










| SIGNAL | PINNAME | NOTE | 
| Voc | Powersupply (*5V) | 


GND Ground 


[Nc [Non connection | —*d 










TRUTH TABLE 


| CECE | OBOE | MODE | Do-Dy | SUPPLYCURRENT | NOTE _ 
| HTX | Non selected | Standby (Isa) | 1 





H/L Operating (Icc) 


NOTE: 
1. X=HorL 
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LH23255 NMOS 256K (32K x 8) Mask Programmable ROM 





ABSOLUTE MAXIMUM RATINGS 


PARAMETER SYMBOL RATING UNIT NOTE 


[Supply votage | ‘Voc | oatos70| Vv 

input vottage =i 08to470 | Vv 
Your | 03t0+70| Vv 
[Tope 






Output voltage | = Vour | -0.3 to +7.0 
Operating temperature Topr | Oto+70 | °C | 
Storage temperature -55 to +150 


NOTE: 
1. The maximum applicable voltage on any pin with respect to GND. 





RECOMMENDED OPERATING CONDITIONS (Ta = 0 to +70°C) 
[PARAMETER | SvwooL_| wiN | TR | WAX | ONT 


vec | 48 [5 | ss |v 
DC CHARACTERISTICS (Vcc =5 V + 10%, Ta = 0 to +70°C) 





SE SS a Sateen 


input Low" vokage—SsSC~=~idTSC‘ | SSCSCSC~s (| 

input *High* votage ec 

Output "Low" voltage [Vo fie=tema | 

Output *High® voltage [Vou [tow =-400uA | ba | 

input leakage current Tut [vw= ove || 
aie an 
anes esas 
as el 









VIH 
VoL : 
VoH 
Current consumption Dperaiing ne Se idlne 
Standby | Isp | CE = Vu, CE = Vin 
NOTES: 


1. CE/OE = Vin or CE/OE = Vit 
2. Vin = Vin/Vit, CE = Vi_, CE = Vin, outputs open 





AC CHARACTERISTICS (Vcc = 5 V + 10%, Ta = 0 to +70°C) 


NOTE: 
1. This is the time required for the output to become high-impedance. 





AC TEST CONDITIONS 
[___PanaweTeR [RATING | 


Input voltage amplitude 0.6 Vto2.4V 
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NMOS 256K (32K x 8) Mask Programmable ROM LH23255 


CAPACITANCE (Vcc = 5 V + 10%, f = 1 MHz, Ta = 25°C) 


Pinputcapacitance | cn | ‘||| 8 | pF 
Output capacitance | Cor | ‘|| + 10 *4| er 


Do-D Lf +f 
ae LANA 


DATA VALID 


NOTE: Data becomes valid after ta,, tace, and tog from address 
inputs, chip enable and output enable, respectively have been met. 





Figure 3. Timing Diagram 


ORDERING INFORMATION 


LH23255 D - ## 
Device Type Package Speed 


oe 20 200 Access Time (ns) 


28-pin, 600-mil DIP (DIP28-P-600) 


NMOS 256K (32K x 8) Mask Programmable ROM 


Example: LH23255D-20 (NMOS 256K (32K x 8) Mask Programmable ROM, 200 ns, 28-pin, 600-mil DIP) 
23255-4 





SHARP 6-13 


L Hi 235 1 2 NMOS 512K (64K x 8) Mask Programmable ROM 


FEATURES DESCRIPTION 


The LH23512 is a mask programmable ROM organ- 
ized as 65,536 x8 bits. It is fabricated using silicon-gate 
NMOS process technology. 





e 65,536 x 8 bit organization 
e Access time: 200 ns (MAX.) 


PIN CONNECTIONS 
e Power consumption: 


Operating: 550 mW (MAX.) 28-PIN DIP TOP VIEW 
Standby: 110 mW (MAX.) | | 


e Programmable CE/CE and OE/OE 

e Fully static operation (No clock required) 
e TTLcompatible I/O 

e Three-state outputs 

e Single +5 V power supply 


e Package: 
28-pin, 600-mil DIP 


e JEDEC standard EPROM pinout 





Figure 1. Pin Connections for DIP Package 


6-14 SHARP 


NMOS 512K (64K x 8) Mask Programmable ROM 


ADDRESS BUFFER 
ADDRESS DECODER 


OE 
BUFFER 


LH23512 


MEMORY 
MATRIX 
(65,536 X8) 


COLUMN SELECTOR 


SENSE AMPLIFIER 





Figure 2. LH23512 Block Diagram 


PIN DESCRIPTION 


[signal [PNNAWE [NOTE _ 
PAe-Ass | Address input 
(po: [Data ous sd 
[CEIGE | Chip enable input [1 


NOTE: 











1. The active level of CE/CE and OE/OE are mask programmable. 


TRUTH TABLE 







H/L 
Ht [Ht [Selected 


NOTE: 
1. X=HorLl 


DouT 








[GeRE [OEE [ ODE | Do-by | SUPPLY CURRENT | NOTE 

Pun [Xx [ Nonselected | HighZ | Standby (lcs) | 1 

[Ht [UM | Nonselected | HighZ | Operating (loc) |__| 
H/L 


Operating(Icc) | 





[—sigwat__[__PINWAME__[_NOTE 
[Woo | Power supply (5 V) | 
[end [Ground 















SHARP 
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LH23512 NMOS 512K (64K x 8) Mask Programmable ROM 


ABSOLUTE MAXIMUM RATINGS 






[Supply voltage —+(| Veo | oaws7ol v | 1 
input votage +t Ww | -0t0s70[ v | 1 
output votage | Vout [-03t017.0[ v | 1 
[Operating temperature | Topr | ows70 | co |_| 
[Storage temperature | Tig | S5t0+150| -c | 


NOTE: 
1. The maximum applicable voltage on any pin with respect to GND. 








RECOMMENDED OPERATING CONDITIONS (Ta = 0 to + 70°C) 








-parameren —T sreot | conomons [wine [Wr [wax [on [wore 


PinputLow' voltage ———SsdT sw | SSSSSCSC*~C~SC || oe | 
input *High* voltage a Se 
input leakage current Tul [vw=0t0Vec | | 
: ae ee 

ae ee 

nel 










Output leakage current Vous 0 io Veo 
a ee 
Current consumption trac = 2 


Standby | Isa | CEs Vi, CE> Vin 
NOTES: 


1. CE/OE = Vin or CE/OE = Vit 
2. Vin = ViVit, CE = Vit, CE = Vin, outputs open 


AC CHARACTERISTICS (Vcc = 5 V + 10%, Ta = 0 to +70°C) 





NOTE: 
1. This is the time required for the output to become high-impedance. 


AC TEST CONDITIONS 


0.6 Vto 2.4 V 
Input rise/fall time | 10ns 
| 1.5V 


Output reference level 0.8 Vand 2.2 V 
Output load condition 1TTL +100 pF 
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NMOS 512K (64K x 8) Mask Programmable ROM LH23512 





CAPACITANCE (Vcc = 5 V + 10%, f = 1 MHz, Ta = 25°C) 


Tinput capacitance [ow | | —*+(| 8 | oF 
[ouput capacitance | com | | *+| 10 | oF 


Do- D7 


NOTE: Data becomes valid after ta,, tace, and tog from address 
inputs, chip enable and output enable respectively have been met. 





Figure 3. Timing Diagram 


ORDERING INFORMATION 


LH23512 D - ## 
Device Type Package Speed 


aes 20 200 Access Time (ns) 
28-pin, 600-mil DIP (DIP28-P-600) 


NMOS 512K (64K x 8) Mask Programmable ROM 


Example: LH23512D-20 (NMOS 512K (64K x 8) Mask Programmable ROM, 200 ns, 28-pin, 600-mil DIP) 
23 


512-4 





SHARP 6-17 


L Hi 23 1 000 B NMOS 1M (128K x 8) Mask Programmable ROM 





FEATURES 


131,072 x 8 bit organization 
Access time: 200 ns (MAX.) 


Power consumption: 
Operating: 550 mW (MAX.) 


Programmable OE/OE 
Fully static operation 

TTL compatible I/O 
Three-state outputs 
Single +5 V power supply 


Package: 
28-pin, 600-mil DIP 


Mask ROM specific pinout 
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DESCRIPTION 


The LH231000B is a mask programmable ROM 
organized as 131,072 x 8 bits. It is fabricated using 
silicon-gate NMOS process technology. 


PIN CONNECTIONS 


28-PIN DIP TOP VIEW | 





Figure 1. Pin Connections for DIP Package 


SHARP 


NMOS 1M (128K x 8) Mask Programmable ROM LH231000B 


MEMORY 
MATRIX 
(131,072 x8 ) 


COLUMN SELECTOR 


[em 
uJ 
LL 
tL 
D> 
a 
“” 
”) 
uu 
x 
OQ 
Q 
< 


ADDRESS DECODER 


SENSE AMPLIFIER 


OUTPUT BUFFER 





Figure 2. LH231000B Block Diagram 


PIN DESCRIPTION 


a 
TAddressinput——~—S~dY~SS*dtCéi=SCWoo = Power supply) | 
/Do-Dr | Data output ————=«dY~~S*ds«Ctéi GND Ground SSC«dSSCC* 
RE Acme | Chip enable or Output 


NOTE: = =—§s_—_=_—- 
1. The CE/OE/OE function is mask programmable. 












TRUTH TABLE 


eee (SUPPLY CURRENT __ 
[UH | Nonselectod [High | Operating loo) 
[it [ Selected | Dour | Operating (le) 
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LH231000B NMOS 1M (128K x 8) Mask Programmable ROM 


ABSOLUTE MAXIMUM RATINGS 






1 
Output votage——~| “Vor | 0.310470 | Vv 

Operating temperature | Topr_| ows70 | °c | 
[Storage temperature | Tag | S5tovis0| -c [|_| 


NOTE: 
1. The maximum applicable voltage on any pin with respect to GND. 

















RECOMMENDED OPERATING CONDITIONS (Ta = 0 to +70°C) 











PinputLow voltage —=SC=C~sSCi‘ S| SSC | oe | 
input *High* voltage ——SC~C | SCSC~*dC 
Output "Low" votage——S~=~itC‘ ftw ma | |S] | 
Flow = 400A | 24 
CC 








— 
| 3 
ion = 400A | 24 | 
input leakage current [| Iki |V¥w-otvoc | | 
Output leakage curent——~| _Ihol | Vour=0t0Veo | |_| 
[Ceurent consumption | Operating | oc [tc = tno in.) | |_| 


NOTES: 
1. OE = Vin or OE = Vit 
2. Vin = Vii/ViL, outputs open 


AC CHARACTERISTICS (Vcc = 5 V+ 10%, Ta = 0 to +70°C) 
[PARAMETER | SYMBOL_[ WIN | TYR | MAX | UNT | NOTE 


[Read cycietime | te | 200 | | ‘(| ns | 
[Output enabio time | toe || Ss 
[Output floating time | tow | | 
[ouput hold time ‘| tow | to 


NOTE: | 
1. This is the time required for the output to become high-impedance. 
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NMOS 1M (128K x 8) Mask Programmable ROM LH231000B 


AC TEST CONDITIONS 


Input voltage amplitude 0.6 Vto2.4V 


Input rise/fall time 
Input reference level 








Output reference level 
Output load condition 









[PARAMETER __[ sywpoL [wi [ TR | MAX | WNT | 


[output capacitance | Co | | -*+| 2 ~| oF | 






fon 


NOTE: Data becomes valid after ta, and tog from address 
inputs, chip enable and output enable, respectively have been met. 





Figure 3. Timing Diagram 
ORDERING INFORMATION 


LH231000B D - Ht 
Device Type Package Speed 


a 20 200 Access Time (ns) 
28-pin, 600-mil DIP (DIP28-P-600) 


NMOS 1M (128K x 8) Mask Programmable ROM 


Example: LH231000BD-20 (NMOS 1M (128K x 8) Mask Programmable ROM, 200 ns, 28-pin, 600-mil DIP) 


23100B-4 





SHARP | 6-21 


L H231 1 00 B NMOS 1M (128K x 8) Mask Programmable ROM 





FEATURES DESCRIPTION 
: eet The LH231100B is a mask programmable ROM 
¢ 131,072 x 8 bit organization organized as 131,072 x 8 bits. It is fabricated using 


silicon-gate NMOS process technology. 
e Access time: 200 ns (MAX.) 
PIN CONNECTIONS 
e Power consumption: 
Operating: 550 mW (MAX.) se Aaieis ae 
e Mask-programmable OE1/OE1/DC and 


OE2/OE2/DC 


e Fully static operation 
e TTLcompatible I/O 


e Three-state outputs 


{ 
2 
3 
4 
5 
6 
7 
8 
9 


e Single +5 V power supply 


e Package: 
32-pin, 600-mil DIP 
(32-pin compatible to 28-pin 1M mask 
ROM specific pinout) 





231100B--1 


Figure 1. Pin Connections for DIP Package 


6-22 SHARP 


NMOS 1M (128K x 8) Mask Programmable ROM LH231100B 


MEMORY 
MATRIX 
(131,072 x 8) 


COLUMN SELECTOR 


a 
UI 
LL 
uw 
> 
ree) 
72) 
Y) 
Lu 
a 
QO 
Qa 
< 


ADDRESS DECODER 


SENSE AMPLIFIER 


| ourpuraurreR BUFFER 


eae ge a 


oe 





Figure 2. LH231100B Block Diagram 


PIN DESCRIPTION 


[_sigNat[_‘PINNAME_—‘[_NOTE 

[Ao Are | Address input ‘| 

[Do-Dr | Data output «| 
OE2/OE2/DC | Don’t Care connection 


NOTE: 
1. Active level of output enable is mask programmable. When DC is selected, it is fixed to an active level. (However, it is recommended to 
apply either "High" or “Low” to the DC pin). 










[Siena [PN NAME [NTE _| 
[Voc | Power suppy Sv) [| 


GND 










TRUTH TABLE 
a 
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LH231100B NMOS 1M (128K x 8) Mask Programmable ROM 





ABSOLUTE MAXIMUM RATINGS 


Supply voltage -0.3 to +7.0 
Input voltage -0.3 to +7.0 


Output voltage -0.3 to +7.0 
Operating temperature 
Storage temperature -55 to +150 


NOTE: 





1. The maximum applicable voltage on any pin with respect to GND. 


RECOMMENDED OPERATING CONDITIONS (Ta =0 to +70°C) 


voc [| 45 | 50 | ss [Vv 






[PARAMETER | SYMBOL | _CONDTHONS | WN. | TR_| WAX | UNIT | NOTE | 


———————— A HN ASNT TASNevEfatintenaatntt 


[Input "Low"voltage =| Mw | | | Tl fl lV 
[Input "High" voltage {| Vm | = | Sk |S cc] VTC 
[Output "Low" voltage [| Vor [lo=16ma [| | | o4 [| vi | 
[Output High" voltage | Von | lon=-400nA =| 24 | | 
[Input leakage current | Jiu} |[Vin=OVtoVec | | | 
| - ae Pa 

as 














Output leakage current Vout = 0 V to Vcc 
Operating current tac = 200 ns 


NOTES: 
1. OE/OE1/OE2 = Vin or OE1/OE?2 = ViL 


2. Vin = ViH/ViL, outputs open 


AC CHARACTERISTICS (Vcc = 5 V+ 10%, Ta = 0 to +70°C) 





NOTE: 
1. This is the time required for the output to become high impedance. 


AC TEST CONDITIONS 


PARAMETER 
Input voltage amplitude 
Input rise/fall time 


Input reference level 1.5V 
Output reference level 0.8 V and 2.2 V 
Output load condition 1TTL +100 pF 
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NMOS 1M (128K x 8) Mask Programmable ROM LH231100B 


CAPACITANCE (Vcc =5 V+ 10%, f = 1 MHz, Ta = 25°C) 
[PARAMETER | SYMBOL | MIN. | TR | WAX | ONT 


pa aes eee oR RAN TT? NN eee 


input capacitance [on [| 
Output capacitance | Con |_| +(| 1 ~| F 






OE/OE,/OE> 
OE,/OE, 


Do- D7 HL £¥ DATA VALID a aay 


NOTE: Data becomes valid after ta,, tace, and tog from address 
inputs, chip enable and output enable, respectively have been met. 





Figure 3. Timing Diagram 


ORDERING INFORMATION 


LH231100B D - ## 
Device Type Package Speed 


a 20 200 Access Time (ns) 
32-pin, 600-mil DIP (DIP32-P-600) 


NMOS 1M (128K x 8) Mask Programmable ROM 


Example: LH231100BD-20 (NMOS 1M (128K x 8) Mask Programmable ROM, 200 ns, 32-pin, 600-mil DIP 


I 
231100B-4 





SHARP : 6-25 


LH53259 


CMOS 256K (32K x 8) Mask Programmable ROM 





FEATURES 


32,768 x 8 bit organization 
Access time: 150 ns (MAX.) 


Low power consumption: 
Operating: 110 mW (MAX.) 
Standby: 82.5 wW (MAX.) 


Programmable output enable 

Static operation (Internal sync. system) 
TTL compatible I/O 

Three-state outputs 

Single +5 V power supply 


Packages: 
28-pin, 600-mil DIP 
28-pin, 450-mil SOP 
44-pin, 10 x 10 mm* QFP 


JEDEC standard EPROM pinout (DIP) 


DESCRIPTION 


The LH53259 is a mask programmable ROM organ- 


ized as 32,768 x 8 bits. It is fabricated using silicon-gate 
CMOS process technology. 
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PIN CONNECTIONS 


28-PIN DIP TOP VIEW 


28-PIN SOP 


1 
2 
3 
4 
5 
6 
7 
8 
9 


Figure 1. Pin Connections for DIP, SOP, 
and QFP Packages 


CMOS 256K (32K x 8) Mask Programmable ROM LH53259 


MEMORY 
MATRIX 
(32,768 x 8) 


COLUMN SELECTOR 


SENSE AMPLIFIER 


ADDRESS BUFFER 
| ADDRESS DECODER 


CE 
BUFFER TIMING 
GENERATOR 


ro TTT. 
es—t4 (+13 1319-49 49 19-19 


Voc GND 
NOTE: Pin numbers apply to the 28-pin DIP or 28-pin SOP. 





Figure 2. LH53259 Block Diagram 


PIN DESCRIPTION 


[siGwat | _PINNAME__|_NOTE 
[A= Aw | Address input sd 
[Do-Dr | Data output Sid SSCS 
[GE___[ Chip enable input if 
[OEE | Output enable input | 1 


NOTE: a 
1. The active level of OE/OE is mask programmable. 







(signal PINNAWE_|_NOTE 
Power supply (SV) | 
[NC [Non connection | 











TRUTH TABLE , 
|) CE | OBOE | MODE | Do-Dy | SUPPLYCURRENT | NOTE 


ee nz L__Siandby | 
Non selected High-Z 


Selected ae 
NOTE: 
1. X=HorLl 











SHARP | 6-27 


LH53259 , CMOS 256K (32K x 8) Mask Programmable ROM 





ABSOLUTE MAXIMUM RATINGS 






our 
F Operating temperature | Topr | ot470 | -o | 
[Storage temperature | Tsig | S5t0v1s0 | c [ 


NOTE: 
1. The maximum applicable voltage on any pin with respect to GND. 












RECOMMENDED OPERATING CONDITIONS (Ta = 0 to +70°C) 
[PARAMETER | SYMBOL | WN. [TYR | MAX | UNT | 


[Supply voltage | Voc] 45 | 50 | 85 | Vv 
DC CHARACTERISTICS (Vcc = 5 V+ 10%, Ta = 0 to +70°C) 
[PARAMETER | SYMBOL | CONDIONS | WIN | TYR | WAX | UNT | NOTE | 


SS iS ES TR ARS 






Input “High” voltage 


Output "Low" voltage oL = 1.6 mA 
o 
| 






















ae ‘acer 
See SRS: SSE Sai (eae es meee 
Se oe eee Ye Es GU Sk GOES 
ieee ae ee 
Pe OLE a A GC SD 
Pee ee ieee ee 

Operating current | _lece [tac=tns | | | 15 | 
= rr 
ee a 
[Standby eurent | St 


NOTES: _ 

1. CE/OE = Vu or OE = VIL 

2. Vin = ViVi, CE = Vi, outputs open 

3. Vin = (Vcc - 0.2 V) or 0.2 V, CE = 0.2 V, outputs open 


AC CHARACTERISTICS (Vcc =5 V+ 10%, Ta = 0 to +70°C) 
[PARAMETER [SYMBOL | WIN | TW | WAX | UNT | NOTE 


[Read cyclone | te ~~ ts0 |e 
[Address accosstime | wa | | +(| to | ms [| 
[Output enable time | tor 
[Output hold time | tow 
[OE to output in HighZ | tonz 


NOTE: 
1. This is the time required for the output to become high impedance. 
















a ee ee ee 
p tof ts | 
a a Ne ae er 
SS ee 
ee ee ee 
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CMOS 256K (32K x 8) Mask Programmable ROM 


AC TEST CONDITIONS 


PARAMETER RATING 
Input voltage amplitude 0.6 Vto2.4V 
Input rise/fall time | 10ns 














Input reference level 
Output reference level 0.8 V and2.2V 
Output load condition 1TTL +100 pF 


CAPACITANCE (Vcc = 5 V + 10%, f = 1 MHz, Ta = 25°C) 


Input capacitance CIN 
Output capacitance CoutT 





ta, (NOTE) 


Do- D7 


y 
y 


A 
LAN 


NOTE: Data becomes valid after the intervals tag, tace, and tog from address 
| inputs, chip enable and output enable, respectively have been met. 





Figure 3. Timing Diagram 


LH53259 





SHARP 
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LH53259 


OPERATION IMMEDIATELY AFTER 
POWER UP 


To ensure valid data immediately after power up and 
once the supply is stable, perform one of the following 
operations: 


1. ‘If the Chip Enable (CE) was high during power 
up, switch the CE input from HIGH to LOW. 
(tace) or 


t, (NOTE) 


tp (NOTE) 


INACTIVE 


Ay - Arg 


CMOS 256K (32K x 8) Mask Programmable ROM 


2. Change one or more addresses if the CE input 
was LOW at power up. (taa) 


The valid data will be output at tace or taa following 
a transition from the above operations (1) or (2). 


CAUTION 


To stabilize the power supply, it is recommended that 
a high-frequency bypass capacitor be connected be- 
tween the Vcc pin and the GND pin. 


ACTIVE 


tace 


Dy - D7 es: DATA VALID 


NOTE: t, and tp = 70 ns (MIN.) 





Figure 4. Power On With CE Inactive 


ty (NOTE) 


ACTIVE 


t, (NOTE ) 


fo 
DATA INVALID \ DATA VALID 


NOTE: t, and t, = 70 ns (MIN.) 


Do - D7 





taa 


Figure 5. Power On With CE Active 
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SHARP 


CMOS 256K (32K x 8) Mask Programmable ROM LH53259 
ORDERING INFORMATION 


LH53259 xX 
Device Type Package 


= 15 150 Access Time (ns) 


D 28-pin, 600-mil DIP (DIP28-P-600) 
N 28-pin, 450-mil SOP (SOP28-P-450) 
M 44-pin, 10 x 10 mm? QFP (QFP44-P-1010) 


CMOS 256K (32K x 8) Mask Programmable ROM 


Example: LH53259D-15 (CMOS 256K (32K x 8) Mask Programmable ROM, 150 ns, 28-pin, 600-mil DIP) 
§3259-6 








SHARP 6-31 


LH53515 


CMOS 512K (64K x 8) Mask Programmable ROM 





FEATURES 


65,536 x 8 bit organization 
Access time: 150 ns (MAX.) 


Low power consumption: 
Operating: 195 mW (MAX.) 
Standby: 550 pW (MAX.) 


Programmable output enable 

Static operation (Internal sync. system) 
TTL compatible I/O 

Three-state outputs 

Single +5 V power supply 


Packages: 
28-pin, 600-mil DIP 
28-pin, 450-mil SOP 
32-pin, 525-mil SOP 
44-pin, 10 x 10 mm? QFP 


JEDEC standard EPROM pinout (DIP) 


PIN CONNECTIONS 


32-PIN SOP TOP VIEW 


1 
| 2 
3 
4 
| 5 
6 
7 
8 
9 





Figure 1. Pin Connections for SOP Package 
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DESCRIPTION 


The LH53515 is a mask programmable ROM organ- 
ized as 65,536 x8 bits. It is fabricated using silicon-gate 
CMOS process technology. 


28-PIN DIP TOP VIEW 
28-PIN SOP 


1 
2 
3 
4 
5 
6 
7 
8 
9 





Figure 2. Pin Connections for DIP, SOP, 
and QFP Packages 


SHARP 


CMOS 512K (64K x 8) Mask Programmable ROM LH53515 


MEMORY 
MATRIX 
(65,536 x 8) 


ADDRESS DECODER 


oa 
uJ 
LL. 
tL 
~_) 
fee) 
”) 
” 
Lu 
fa 
a) 
Q 
< 


COLUMN SELECTOR 


SENSE AMPLIFIER 


| CE | = TIMING 
BUFFER GENERATOR 
DATA SELECTOR 


OUTPUT BUFFER 





| NOTE: Pin numbers apply to 28-pin DIP and SOP. seis 


Figure 3. LH53515 Block Diagram 


PIN DESCRIPTION 
[—sienat[__—PINNAME 


Ao Ais Address input 
7 Do-Dy | Data ouput 


Chip enable input 


NOTE: __ 
1. Active level of OE/OE is mask programmable. 





OE/OE Output enable input 


E | Output enable input 1 
Power supply @5v) | 
[eno [eround YC 





TRUTH TABLE 





L Operating(Icc) 


NOTE: 
1.§ X=HorL 





SHARP 6-33 


LH53515 CMOS 512K (64K x 8) Mask Programmable ROM 





ABSOLUTE MAXIMUM RATINGS 











Supply voltage | Voc | oatoe70 |v | 1 
input votage _——+(| Ww | 03t0Voowa | v [| 1 | 
Vour | 03t0Vecw03 | Vp 1 
Operating temperature | Topr | owa7o | 0 | 
[Storage temperature | Teg | ss0+150 | -c [| 


NOTE: 
1. The maximum applicable voltage on any pin with respect to GND. 






RECOMMENDED OPERATING CONDITIONS (Ta = 0 to +70°C) 
[PARAMETER | SYMBOL | WN | WR | WAX | ONT 


rSuppyy vokage | Voc | 45 | so | 558 |v 


DC CHARACTERISTICS (Vcc = 5 V + 10%, Ta = 0 to +70°C) 


loH = -400 pA 


CTaput leakage current | Tus | Viv = 0 V 0 Vor 
Vour = 0 V to Vee 
lcc1 trac = 150 ns 
Operating current tRc = 1 HS 
tac = 150 ns 


Standby current | sar E = Vin 
| sea | CE = Vcc -0.2V 


NOTES: ae 
1. OE = Vi or CE/OE = Vin 

2. Vin = ViwVi, CE = Vit, outputs open 

3. Vin = (Vcc - 0.2 V) or 0.2 V, CE = 0.2 V, outputs open 
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CMOS 512K (64K x 8) Mask Programmable ROM LH53515 





AC CHARACTERISTICS (Vcc =5 V+ 10%, Ta = 0 to +70°C) 


Address access time 
Chip enable access time 


Output hold time 
[CE to output in HighZ | tow 


NOTE: 
1. This is the time required for the output to become high-impedance. 





AC TEST CONDITIONS 


[PARAMETER | ___RATING _ 
Input voltage amplitude 
Finput reference level +15V 


Output load condition 1TTL +100 pF 


CAPACITANCE (Vcc = 5 V+ 10%, f = 1 MHz, Ta = 25°C) 





x— 
0 a 


FT TS 
NOTE: Data becomes valid after the intervals tay, tace, and tog from address 
input, chip enable and output enable, respectively have been met. 





Figure 4. Timing Diagram 


SHARP 6-35 


LH53515 


OPERATION IMMEDIATELY AFTER 
POWER UP 


To ensure valid data immediately after power up and 
once the supply is stable, perform one of the following 
operations: 

1. If the Chip Enable (CE) was high during power 

up, switch the CE input from HIGH to LOW. 
(tAcE) or 


t, (NOTE) 


t, (NOTE) 


INACTIVE 


CMOS 512K (64K x 8) Mask Programmable ROM 


2. Change one or more addresses Ao - Ais if the 
CE input was LOW at power up. (taa) 


The valid data will be output at tace or taa following 
a transition from the above operations (1) or (2). 


CAUTION 


To stabilize the power supply, it is recommended that 
a high-frequency bypass capacitor be connected be- 
tween the Vcc pin and GND. 


ACTIVE 


NOTE: t, and t. = 70 ns (MIN.) 





tace 


«ee DATA VALID 


Figure 5. Power On With CE Inactive 


ts (NOTE) 


ACTIVE 


ty (NOTE) 


po 


DATA INVALID DATA VALID 


NOTE: t, and t, = 70 ns (MIN.) 





taa 


Figure 6. Power On With CE Active 
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SHARP 


CMOS 512K (64K x 8) Mask Programmable ROM LH53515 


ORDERING INFORMATION 


LH53515 X - ## 
Device Type Package Speed 


= 15 150 Access Time (ns) 


D 28-pin, 600-mil DIP (DIP28-P-600) 

N 28-pin, 450-mil SOP (SOP28-P-450) 

M 44-pin, 10 x 10 mm? QFP (QFP44-P-1010) 
Z 32-pin, 525-mil SOP (SOP32-P-525) 


CMOS 512K (64K x 8) Mask Programmable ROM 





Example: LH53515D-15 (CMOS 512K (64K x 8) Mask Programmable ROM, 150 ns, 28-pin, 600-mil DIP) 
53515-6 


SHARP 6-37 


PRELIMINARY 
L H53 H 1 000 CMOS 1M (64K x 16) Mask Programmable ROM 





FEATURES 


65,536 x 16 bit organization 


Access time: 55 ns (MAX.) 


Power consumption: 
Operating: 660 mW (MAX.) 
Standby: 440 mW (MAX.) 


Fully static operation 

TTL compatible I/O 
Three-state outputs 
Single +5 V power supply 


Packages: 
40-pin, 600-mil DIP 
40-pin, 525-mil SOP 


JEDEC standard EPROM pinout (DIP) 
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DESCRIPTION 


The LH53H1000 is a high speed mask programma- 
ble ROM organized as 65,536 x 16 bits (1,048,576 bits). 
it is fabricated using silicon-gate CMOS process tech- 
nology. 


PIN CONNECTIONS 


pete TOP VIEW 


40-PIN SOP 


1 
2 
3 
4 
5 
6 
7 
| 8 
9 


Figure 1. Pin Connections for DIP and 
SOP Packages 


SHARP 


CMOS 1M (64K x 16) 
Mask Programmable ROM PRELIMINARY LH53H1000 





MEMORY 
MATRIX 
(65,536 x 16) 


fom 
iT TT 
LL a 
ve O 
2 : 
oO QO 

7) 
nt oD 
fam Ww 
5 
Q 

Q 
= < 


OUTPUT BUFFER 


COLUMN SELECTOR 


CE TIMING | 

BUFFER GENERATOR SENSE AMPLIFIER 
OE 

BUFFER 





Figure 2. LH53H1000 Block Diagram 


PIN DESCRIPTION 


[_sienat if SCINNAE 
P_Ao-Ais | Address input 







[_siewat__[___ PN WAE 
[_0E | Ouipur Enable input 






Data output 





Chip Enable input 
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| CMOS 1M (64K x 16) 
LH53H1000 PRELIMINARY | Mask Programmable ROM 


TRUTH TABLE | 
pce | OE | MODE | Do-Dis | SUPPLYCURRENT | NOTE 


| oH |X | Nonselected | High-Z | Standby (Isa) | 1 
| tL | H_ | Nonselected | High-Z | Operating(lec) | 
| LT bk | Selected | Dour |  Operating(lec) | 


NOTE: 
1. X=Horl 

















ABSOLUTE MAXIMUM RATINGS 


| Supply voltage -0.3 to +7.0 
Input voltage -0.3 to Vcc +0.3 


Output voltage VouT -0.3 to Vcc +0.3. 
Operating temperature | Topr | 01470 | Oo | 
Storage temperature -55 to +150 ee. a 


NOTE: 
1. The maximum applicable voltage on any pin with respect to GND. 





RECOMMENDED OPERATING CONDITIONS (Ta = 0 to +70°C) 
[PARAMETER | SYMBOL [ MIN [ TVR _| MAX. | _UNT 


[Supply vottage | Voc | 45 | so | 5s |v 
DC CHARACTERISTICS (Vcc = 5 V+ 10%, Ta = 0 to +70°C) 


RE EE NY ANE 


PinputLow'volage [va | ——S—~sS | PP 

input “High? votage | Vw | SSS 

Output “Low votage | Vo [ia-32ma | iY 

Output High voltage | Vor |low=-1.0mA | 24 |_| 

input leakage current | hil |Vw=0VorVec [| 

Sporating curen Ler [tro S5ne | 
toco [wc=s5ns | Sd 


NOTES: 
1. CE orOE = Vin 


2. Vin = ViW/Vit, CE = Vi, outputs open 
3. Vin = (Vcc - 0.2V) or 0.2 V, CE = 0.2 V, outputs open 
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CMOS 1M (64K x 16) | 
Mask Programmable ROM PRELIMINARY LH53H1000 


AC CHARACTERISTICS (Vcc = 5 V + 10%, Ta = 0 to +70°C) 


[| PARAMETER | Sympo. | MIN, | Tye | MAX. | un | Nore | 


A TES 


[Readcyciotime | tw | ss [|| = | 

[Address access time | twa 

[Output enable delay time | toe 
i [ton 
: =a 













Output hold time 
CE to output in High-Z tCHZ 
OE to output in High-Z 


NOTE: 
1. This is the time required for the outputs to become high-impedance. 





AC TEST CONDITIONS 


Input voltage amplitude 
input sefallime | ‘ns 


CAPACITANCE (Vcc = 5 V + 10%, f = 1 MHz, Ta = 25°C) 





NOTE: Data becomes valid after the intervals ta,, tace, and tog from address input 
and output enable input, respectively have been met. 





Figure 3. Timing Diagram 


CAUTION 


To stabilize the power supply, it is recommended that a high-frequency bypass capacitor be connected between 
the Vcc pin and GND. : 
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CMOS 1M (64K x 16) 
LH53H1000 PRELIMINARY Mask Programmable ROM 


ORDERING INFORMATION 





LH53H1000 xX - HH 
Device Type Package Speed 


[__ 55 Access Time (ns) 


D 40-pin, 600-mil DIP (DIP40-P-600) 
N 40-pin, 525-mil SOP (SOP-P-525) 


CMOS 1M (64K x 16) Mask Programmable ROM 


| Example: LH53H1000D-55 (CMOS 1M (64K x 16) Mask Programmable ROM, 55 ns, 40-pin, 600-mil DIP) 


53H1000-4| 
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PRELIMINARY 
LH53 H 1 T 00 CMOS 1M (128K x 8) Mask Programmable ROM 





FEATURES 


131,072 x 8 bit organization 
Access time: 35 ns (MAX.) 


Power consumption: 
Operating: 660 mW (MAX.) 
Standby: 440 mW (MAX.) 


Fully static operation 
TTL compatible I/O 
Three-state outputs 
Single +5 V power supply 
Packages: 
32-pin, 600-mil DIP | 
32-pin, 525-mil SOP 


JEDEC standard EPROM pinout (DIP) 


SHARP 





DESCRIPTION 


The LH53H1100 is a high speed mask programmable 
ROM organized as 131,072 x 8 bits (1,048,576 bits). 
It is fabricated using silicon-gate CMOS process tech- 
nology. 


PIN CONNECTIONS 


| 32-PIN DIP TOP VIEW 


32-PIN SOP 


1 
2 
3 
4 
5 
6 
7 
8 
9 


Figure 1. Pin Connections for DIP and 
SOP Packages 


LH53H1100 


ADDRESS BUFFER 
ADDRESS DECODER 





CMOS 1M (128K x 8) 


PRELIMINARY Mask Programmable ROM 


MEMORY 
MATRIX 
(131,072 x 8) 


COLUMN SELECTOR 


SENSE AMPLIFIER 


Figure 2. LH53H1100 Block Diagram 


PIN DESCRIPTION 


[—sienat [PNA 
[De-D, | Data ouput 
PCE | Chip Enable input 
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| OE | Output Enable input 


Power supply (+5 V) 





SHARP 


CMOS 1M (128K x 8) 
Mask Programmable ROM PRELIMINARY LH53H1100 


TRUTH TABLE 
[ee [_& | move | y-b) | SUPPLYCURRENT | NOTE | 


[TH |X | Nonseloctod | High | Standby (Iss) | 1 
[1 | _[ Non selected | HighsZ | Operating (loo) | __ 
Pt [eT Selectes [Dour | Operating (ico) |_| 


NOTE: 
1. X=HorL 










ABSOLUTE MAXIMUM RATINGS 


input voltage 


NOTE: 
1. The maximum applicable voltage on any pin with respect to GND. 















RECOMMENDED OPERATING CONDITIONS (Ta = 0 to +70°C) 
[PARAMETER | SYMBOL | WN | TR | WAX | NT _| 


vec | 45 [| 50 | 55 |v 


DC CHARACTERISTICS (Vcc = 5 V+ 10%, Ta = 0 to +70°C) 


Input "Low" voltage 

Input "High" voltage 
Output “Low” voitage 
Output "High" voltage | Von | lon =-1.0mA 
Input leakage current 
Output leakage current 
Operating current 
Standby current | sa |CE-Vw 


NOTES: _ 

1. CE/OE = Vin 

2. Vin = ViVi, CE = Vit, outputs open 

3. Vin = (Vcc - 0.2V) or 0.2 V, CE = 0.2 V, outputs open 
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CMOS 1M (128K x 8) 
LH53H1100 PRELIMINARY Mask Programmable ROM 


AC CHARACTERISTICS (Vcc = 5 V+ 10%, Ta = 0 to +70°C) 








ES ST 


[Read cycletime | wo | 98 | |i ns 
Address access time tan | | 
[Output enable time | tor 
[Output hold time | ton 
CE to output in HighZ | tone 
[OE to output in High-Z | tonz 


NOTE: 
1. This is the time required for the outputs to become high-impedance. 







ee a ee ee ee 
ae TS ae ee 
a aS ee ee 
+ $43 
eee a ee ere 





AC TEST CONDITIONS 


| PARAMETER RATING | 


Input voltage amplitude 0Vto 3.0 V 


Input rise/fall time | Bs 
| Input reference level 
Output load condition 1TTL + 30 pF 


CAPACITANCE (Vcc = 5 V + 10%, f = 1 MHz, Ta = 25°C) 
[PARAMETER | SywBOL_| WN [ TR | MAX | UNT 


Finput capacitance [cw ||| 10 | pF 
Foutput capacitance | Cor | | +. 10 ~| pF 














CAA _DaTAVALID 
( DATA VALID 
\ A , 


NOTE: Data becomes valid after the intervals taa, tace, and tog from address 
input and output enable input, respectively have been met. 





Figure 3. Timing Diagram 


CAUTION 


To stablize the power supply, it is recommended that a high-frequency bypass capacitor be connected between 
the Vcc pin and the GND pin. 
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CMOS 1M (128K x 8) 
Mask Programmable ROM PRELIMINARY LH53H1100 


ORDERING INFORMATION 





LH53H1100 X 
Device Type Package 


[__ 35 Access Time (ns) 


D 32-pin, 600-mil DIP (DIP32-P-600) 
N 32-pin, 525-mil SOP (SOP32-P-525) 


CMOS 1M (128K x 8) Mask Programmable ROM 


Example: LH53H1100D-35 (CMOS 1M (128K x 8) Mask Programmable ROM, 35 ns, 32-pin, 600-mil DIP) 


53H 1100-4 
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L H530800A CMOS 1M (128K x 8) Mask Programmable ROM 





FEATURES 


131,072 x 8 bit organization 
Access time: 150 ns (MAX.) 


Power consumption: 
Operating: 193 mW (MAX.) 
Standby: 550 pW (MAX.) 


Fully static operation 

TTL compatible I/O 
Three-state outputs 
Single +5 V power supply 


Packages: 
32-pin, 600-mil DIP 
32-pin, 525-mil SOP 
44-pin, 10 x 10 mm? QFP 


e JEDEC standard EPROM pinout (DIP) 


DESCRIPTION 


The LH530800A is a mask programmable ROM 


organized as 131,072 x 8 bits (1,048,576 bits). It is fab- 
ricated using silicon-gate CMOS process technology. 
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PIN CONNECTIONS 


32-PIN DIP 
32-PIN SOP 


1 
2 
3 
4 
5 
6 
7 
8 
9 





TOP VIEW 


Figure 1. Pin Connections for DIP, SOP, 


and QFP Packages 


SHARP 


CMOS 1M (128K x 8) Mask Programmable ROM LH530800A 


MEMORY 
MATRIX 
(131,072 x 8) 


ADDRESS BUFFER 


COLUMN SELECTOR 


SENSE AMPLIFIER 


TIMING 
GENERATOR 





Figure 2. LH530800A Block Diagram 


PIN DESCRIPTION 


SIGNAL [__PWWANE [NOTE 
[Ao-Are | Address input | 
[Do-Dy | Data Outpt iY 
[CENCE | Chip enable input | 1 


NOTE: 
1. Active levels of CE/CE and OE/OE are mask programmable. 





Siena [PW NAME [NOTE 
| OE/OE Output enable input we 
Power suppy SV) 


GND 










TRUTH TABLE 


[eee _| OEE | _WODE | Dob) | SUPPLYCURRENT | NOTE 
Ut [x | Nonselected | High-Z | Standby (ss) | 1 | 
Non seloced | High-Z | Operating (cc) | 
[He [Ha | Selectes [Dour | Operating (icc) | 


NOTE: 
1. X=HorL 
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LH530800A CMOS 1M (128K x 8) Mask Programmable ROM 





ABSOLUTE MAXIMUM RATINGS 







Operating temperature | Topr | ows7o | co | 
[storage temperature | Tag | s5to+t50 | co | 


NOTE: 
1. The maximum applicable voltage on any pin with respect to GND. 








RECOMMENDED OPERATING CONDITIONS (Ta = 0 to +70°C) 


input “High* voltage nan 


=a 
Output "Low" vottage | Vor [l= 46mA 
[Vow 


22 | 
. aca Ree 
input leakage current | hil [Vw=0VtVeo [| 
Output leakage current | Iho! [Vour=oVi Veo | | 

tor [tmc=t50ne | 
Seaaigentee (ee lmertm | 

Ttece [wets | SO 
[ss CE= Vi E=va | | 


ViH 

VoL 

VoH 

| 

| 

pe ER 
CE=0.2V 

NOTES: _ 
1. CE/OE = Vin or CE/OE = Vit 


2. Vin = ViVi, CE = Vi, CE = Vin, Outputs open 
3. Vin = (Vcc - 0.2 V) or 0.2 V, CE = 0.2 V, CE = Vcc - 0.2 V, outputs open 


Standby current 





AC CHARACTERISTICS (Vcc = 5 V + 10%, Ta = 0 to +70°C) 


[Read cycietime | tae | 150] | ‘(| ms | 
[Address access time | ta [ 
[Chip enable time | ce | 


| CE to outputinHigh-Z | toxz | 
OE to output in High-Z | tonz | 


NOTE: 
1. This is the time required for the output to become high-impedance. 





Ed 

Ren ceeaeel 

| toe —- 

[Output hold time | ton | S| 
ee 

eee 
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CMOS 1M (128K x 8) Mask Programmable ROM _ LH530800A 





AC TEST CONDITIONS 


input voltage ampitude | 06Vto2aV | 
Pinputrseftal time [tone 


CAPACITANCE (Vcc = 5 V+ 10%, f = 1 MHz, Ta = 25°C) 





TV 
DATA VALID r/] / 
ton 


NOTE: Data becomes valid after ta, tace, and tog from address 
input, chip enable and output enable, respectively have been met. 





Figure 3. Timing Diagram 
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LH530800A 


CMOS 1M (128K x 8) Mask Programmable ROM 





OPERATION IMMEDIATELY AFTER 
POWER UP 


To ensure valid data immediately after power up and 
once the supply is stable, perform one of the following 
operations: 


1. If the Chip Enable (CE) was high during power 
up, switch the CE input from HIGH to LOW. 
(tace) or 


t, (NOTE) 
tp (NOTE) 


CE/CE INACTIVE 


Ag - Ate 


2. Change one or more addresses if the CE input 
was LOW at power up. (taa) 


The valid data will be output at tace or taa following | 
a transition from the above operations (1) or (2). 


CAUTION 


To stabilize the power supply, it is recommended that 
a high-frequency bypass capacitor be connected be- 
tween the Vcc pin and the GND pin. 


ACTIVE 


tace 


Dy - Dy DATA VALID 


NOTE: t, and t, = 70 ns (MIN.) 





Figure 4. Power On With CE Inactive 


ts (NOTE) 


ACTIVE 
t, (NOTE) 


Do - D7 


NOTE: t, and t, = 70 ns (MIN.) 


DATA INVALID 





DATA VALID 


Figure 5. Power On With CE Active 
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SHARP 


CMOS 1M (128K x 8) Mask Programmable ROM LH530800A 


ORDERING INFORMATION 


LH530800A X 
Device Type Package 


15 150 Access Time (ns) 


D 32-pin, 600-mil DIP (DIP32-P-600) 
M 44-pin, 10 x 10 mm? QFP (QFP44-P-1010) 
N 32-pin, 525-mil SOP (SOP32-P-525) 


CMOS 1M (128K x 8) Mask Programmable ROM 


Example: LH530800AD-15 (CMOS 1M (128K x 8) Mask Programmable ROM, 150 ns, 32-pin, 600-mil DIP) 
530800-6 
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L H530900A CMOS 1M (128K x 8) Mask Programmable ROM 





FEATURES 


131,072 x 8 bit organization 
Access time: 150 ns (MAX.) 


Power consumption: 
Operating: 193 mW (MAX.) 


Programmable OE1/OE+/DC and 
OE2/OE2/DC 


Fully static operation 

TTL compatible I/O 
Three-state outputs 
Single +5 V power supply 


32-pin, 600-mil DIP | 
(32-pin compatible to 28-pin 1M mask 
ROM-specific pinout) 


6-54 


DESCRIPTION 


The LH530900A is a mask programmable ROM 
organized as 131,072 x 8 bits (1,048,576 bits). It is fab- 
ricated using silicon-gate CMOS process technology. 


PIN CONNECTIONS 


32-PIN DIP TOP VIEW 


1 
2 
3 
4 
5 
6 
7 
8 
9 





Figure 1. Pin Connections for DIP Package 


SHARP 


CMOS 1M (128K x 8) Mask Programmable ROM LH530900A 


MEMORY 
MATRIX 
(131,072 x 8) 


om 
ar im 

Q 
Lh 
i : 
= i 
“”) 

“” 
: g 
Q om 
8 : 

< 


COLUMN SELECTOR 


SENSE AMPLIFIER 


OE,/OE,/DC | 
bea E TIMING 
OE/OE,/DC GENERATOR | 





PIN DESCRIPTION 
[signal [—=PNNAME__—_—_—~=*L NOTE | 


TE TT LA aaNet NiennninnanaatnentaniyattsitiniiientaetonetiauteRemimsinntehin 


[Ao Ave | Address input ‘|_| | OEaOEyDC | Output Enable inpuvDont Gare | 1 
[~Do-Dy [Data oust Sid Power supply +5 V) os 
[GE [Output Enable input =i ~SS*|« GND [Ground SSCs 


NOTE: 

1. Active level of output enable is mask programmable. 
Selecting DC allows the outputs to be active for both high and low levels applied to this pin. 
It is recommended to apply either a HIGH or a LOW to the DC pin. 















TRUTH TABLE 


[SE [oeve [ono [wove [t»-by | SUPPLYCURRENT | NOTE | 
TH |X |X | Nonselected | HighZ | Operating loc) 
Ui 


[x | UM | Nonsolectod | HighZ | Operating (loo 
Operating (ic) 


1.§ X=HorLl 





NOTE: 
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LH530900A CMOS 1M (128K x 8) Mask Programmable ROM 





ABSOLUTE MAXIMUM RATINGS 











eee eee ne ate 


Supply witage~(| Veo | 080470 |v [1 
input votage | Ww | 03tVoovs | v1 | 
output votage | Vour | -03t0Voc+03 | v | 1+ | 

ee 
| 


| 


Operating temperature 0 to +70 . 
Storage temperature | Tstg | -55 to +150 


NOTE: 
1. The maximum applicable voltage on any pin with respect to GND. 


RECOMMENDED OPERATING CONDITIONS (Ta = 0 to +70°C) 


[PARAMETER | SvwsoL | WW [TR | WAX | ONT 


[Supply votage | Voc | 45 | 50 | ss | Vv 


DC CHARACTERISTICS (Vcc = 5 V + 10%, Ta = 0 to +70°C) 


Input "Low" voltage het ee 
Input "High" voltage fee ea 
Output “High” voltage 2.4 
ru 
Operating current 
trc = 1 ns 
NOTES: 


1. OEF/OE1/OE2 = Vin or OE1OE2 = Vit 
2. Vin = ViVIL, outputs open 
3. Vin = (Vcc - 0.2 V) or 0.2 V, outputs open 


lot = 1.6 mA 
ti 
| 





AC CHARACTERISTICS (Vcc =5 V + 10%, Ta = 0 to +70°C) 


Read cycle time | tre | 
Address access time | tan 


Output hold time 
OE to output in High-Z 


NOTE: 
1. This is the time required for the output to become high-impedance. 





tRC 
Output enable time a 
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CMOS 1M (128K x 8) Mask Programmable ROM 


LH530900A 





AC TEST CONDITIONS 


Rane 


Output load condition 1TTL +100 pF 












CAPACITANCE (Vcc =5 V+ 10%, f = 1 MHz, Ta = 25°C) 
[—ranaweven _[Svweoi | WIN | TYR | MAX 


Input capacitance CIN 


Output capacitance 


OE/OE,/OE> 
OE,/OEs 


Do - D7 


NOTE: Data becomes valid after ta, and tog from address 


input or output enable input, respectively have been met. 





HE oaravauin 


Figure 3. Timing Diagram 


OPERATION IMMEDIATELY AFTER 
POWER UP 


To ensure valid data immediately after power up and 
once the supply is stable, change one or more ad- 
dresses after power up. 


The valid data will be output at taa following a tran- 
sition from the above operation. 


SHARP 


CAUTION 


To stabilize the power supply, it is recommended that 
a high-frequency bypass capacitor be connected be- 
tween the Vcc pin and the GND pin. 
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LH530900A CMOS 1M (128K x 8) Mask Programmable ROM 


t, (NOTE) 


tp (NOTE ) 


Dy - D7 DATA INVALID DATA VALID 


NOTE: t, and tp = 70 ns (MIN.) 





Figure 4. Power On Initialization 


ORDERING INFORMATION 


LH530900A D - HH 
Device Type Package Speed 


ie 15 150 Access Time (ns) 


32-pin, 600-mil DIP (DIP32-P-600) 


CMOS 1M (128K x 8) Mask Programmable ROM 


Example: LH530900AD-15 (CMOS 1M (128K x 8) Mask Programmable ROM, 150 ns, 32-pin, 600-mil DIP) 


530900-5 





6-58 SHARP 


L H 531 000 B CMOS 1M (128K x 8) Mask Programmable ROM 





FEATURES 


131,072 x 8 bit organization 
Access time: 150 ns (MAX.) 


Low power consumption: 
Operating: 192.5 mW (MAX.) 
Standby: 550 wW (MAX.) 


Programmable CE/CE or OE/OE 


Static operation (Internal sync. system) 


TTL compatible I/O 
Three-state outputs 
Single +5 V power supply 


Packages: 
28-pin, 600-mil DIP 
28-pin, 450-mil SOP 
44-pin, 14 x 14 mm? QFP 


Mask ROM specific pinout 


SHARP 





DESCRIPTION 


The LH531000B is a mask programmable ROM 
organized as 131,072 x 8 bits. It is fabricated using 
silicon-gate CMOS process technology. 


PIN CONNECTIONS 


28-PIN DIP 
28-PIN SOP TOP VIEW 


1 
2 
3 
4 
5 
6 
7 
8 


44-PIN QFP 


Figure 1. Pin Connections for DIP, SOP, 
and QFP Packages 
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LH531000B 


a 
i TT} 
LL OQ 
Te O 
> oO 
ra) iu 
o Q 

” 
Mi 3 
Q a 
: : 
< < 


TIMING 
| GENERATOR 


Voc GND 
NOTE: Pin numbers apply to the 28-pin DIP. oe 





CMOS 1M (128K x 8) Mask Programmable ROM 


MEMORY 
MATRIX 
(131,072 x 8) 


COLUMN SELECTOR 


SENSE AMPLIFIER 


Figure 2. LH531000B Block Diagram 


PIN DESCRIPTION 


[SIGNAL [SPINNAME | _-NOTE 
P Ao Aie__| Address input ae 
| Do - D7 Data output ae, 


Chip Enable input or 
Output Enable input 


NOTE: ne ee 
1. Active level of CE/CE or OE/OE is mask programmable. 



















| CE/CE/OE/OE 


TRUTH TABLE 


CE type 
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[signal [__PIWNAWE__|_NOTE 
Power supply (SV) | 


[wt | — | Selected | Dour | Operating ic) 


tn [ Non selected | HigneZ | Standby (sa 
[=| un | Won selected | High-Z 





CMOS 1M (128K x 8) Mask Programmable ROM LH531000B 





ABSOLUTE MAXIMUM RATINGS 







van 
[Operating temperature | Topr | ows7o | oc | 
[Storage temperature | Tag | S50 | co | 


NOTE: 
1. The maximum applicable voltage on any pin with respect to GND. 












RECOMMENDED OPERATING CONDITIONS (Ta = 0 to +70°C) 
[PARAMETER [SYMBOL WN | TR | WAX | UNIT 


DC CHARACTERISTICS (Vcc =5 V + 10%, Ta = 0 to +70°C) 


input "High vottage | Vw [SCS 
Vo [ios tema 


VIH 

Output "Low" voltage VoL lol = 1.6 mA 
VOH 
| 


Output “High” voltage | VoH loH = -400 pA 
Input leakage current Vin = 0 V to Vcc 


Output leakage current Vout = 0 V to Voc 
tac = 150 ns 

Operating current | Icce [tac=tus 
tac = 150 ns 


Standby current | tsar CE = Vin, CE = VIL 
| Isp2_ | CE = Vcc - 0.2 V, CE= 0.2 V 


NOTES: Reis 

1. CE/OE = Vi, CE/OE = Vin 

2. Vin = ViVi, CE = Vin, CE = Vi (CE type), outputs open 

3. Vin = (Vcc - 0.2 V) or 0.2 V. CE = Vcc - 0.2 V, CE = 0.2 V (CE type), outputs open 
4. CE type only 
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LH531000B CMOS 1M (128K x 8) Mask Programmable ROM 





AC CHARACTERISTICS (Vcc = 5 V+ 10%, Ta = 0 to +70°C) 


Read cycle time | tac | 
Address access time f- thae | 
Chip enable access time 


Output enable time | toe 
[Output hold time | tow 


NOTE: 
1. This is the time required for the output to become high-impedance. 





AC TEST CONDITIONS 


Input voltage amplitude 0.6 Vto2.4V 
Input rise/fall time 












Input reference level 
Output reference level 0.8 V and 2.2 V 
Output load condition 1TTL +100 pF 


CAPACITANCE (Vcc =5 V + 10%, f = 1 MHz, Ta = 25°C) 


Input capacitance CIN 
Output capacitance CouT 


(CE TYPE) 


(OE TYPE) 


Do- D, 


NOTE: Data becomes valid after tay, tacg, and tog from address 
input, chip enable, and output enable, respectively have been met. 





Figure 3. Timing Diagram 
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CMOS 1M (128K x 8) Mask Programmable ROM 


OPERATION IMMEDIATELY AFTER 
POWER UP 


To ensure valid data immediately after power up and 
once the supply is stable, perform one of the following 
operations: 


CE or CE Type 


1. If the Chip Enable (CE) was high during power 
up, switch the CE input from HIGH to LOW. 
(tace) or 


2. Change one or more addresses if the CE input 
was LOW at power up. (ta) 


t, (NOTE) 
tp (NOTE) 


j INACTIVE 


Dy - D7 


NOTE: t, and tp = 70 ns (MIN) 





LH531000B 


OE or OE Type 
1. Change one or more addresses at power up. 


The valid data will be output at tace or taa following 
a transition from the above operations (1) or (2). 
CAUTION 


To stabilize the power supply, it is recommended that 
a high-frequency bypass capacitor be connected be- 
tween the Vcc pin and GND. 


ACTIVE 


r 
+4 DATA VALID 


Figure 4. Power On With CE/CE Inactive 
(CE or CE Type in Operation) 


t, (NOTE) 


ACTIVE 


t, (NOTE) 


Do - D7 


| NOTE: t, and t, = 70 ns (MIN) 


DATA INVALID 





{| DATA VALID 


Figure 5. Power On With CE/CE Active 
(CE or CE Type in Operation) 


SHARP 


LH531000B CMOS 1M (128K x 8) Mask Programmable ROM 


t, (NOTE) 


tp (NOTE) 


taa 


Do - D7 DATA INVALID ¢ DATA VALID 


NOTE: t, and tp = 70 ns (MIN) 





Figure 6. Power On Initialization 
(OE or OE Type in Operation) 








ORDERING INFORMATION 
LH531000B X - ## 
Device Type Package Speed 


fee 15 150 Access Time (ns) 


D 28-pin, 600-mil DIP (DIP28-P-600) 
N 28-pin, 450-mil SOP (SOP28-P-450) 
M 44-pin, 14 x 14 mm? QFP (QFP44-P-1414) 


CMOS 1M (128K x 8) Mask Programmable ROM 


| Example: LH531000BD-15 (CMOS 1M (128K x 8) Mask Programmable ROM, 150 ns, 28-pin, 600-mil DIP) 


531000A-7 





6-64 SHARP 


LH532000B 


CMOS 2M (256K x 8 / 128K x 16) 
Mask Programmable ROM 





FEATURES 


Selectable memory organization: 


DESCRIPTION 


The LH532000B is a 2M bit mask programmable 
ROM with two programmable memory organizations, 


262,144 x 8 bit (byte mode) byte and word modes. Itis fabricated using silicon-gate 
131,072 x 16 bit (word mode) CMOS process technology. 


BYTE input pin selects bit configuration 
40-PIN DIP 


Access time: 120/150 ns (MAX.) 40-PIN SOP 


Low power consumption: 
Operating: 275 mW (MAX.) 
Standby: 550 pW (MAX.) 


Programmable OE/OE and OE1/OE1/DC 
Static operation (Internal sync. system) 
TTL compatible I/O 
Three-state outputs 
Single +5 V power supply 
Packages: 

40-pin, 600-mil DIP 

40-pin, 525-mil SOP 


44-pin, 14 x 14 mm* QFP 44-PIN OFP 
44-pin, 10 x 10 mm* QFP 


X16 word-wide pinout 


OE,/OE,/0c CF 





PIN CONNECTIONS 


TOP VIEW 


1 
2 
3 
4 
5 
6 
7 
8 
i 9 


Figure 1. Pin Connections for DIP, SOP, 


SHARP 


and QFP Packages 


CMOS 2M (256K x 8/128K x 16) 
LH532000B Mask Programmable ROM 





MEMORY 
MATRIX 
(262,144 x 8) 
(131,072 x 16) 


DATA SELECTOR/OUTPUT BUFFER 


COLUMN SELECTOR 


o 
tT nT 

a 
LL 
us 8 
ra) Ww 
a Q 
ras) va 
2 : 

< 


TIMING 
GENERATOR SENSE AMPLIFIER 


BYTE/WORD ADDRESS 
SWITCHOVER BUFFER 
CIRCUIT 





PIN DESCRIPTION 


[Siewat [WANE 
[Ax | Address input (BYTE mode) |? 
[Ro- Ave [Address input] 
[Do-Dis | Data output | 
pod 
= 











SIGNAL NOTE 


Output enable input or 
OE1/OE1/DC Bon't cate 


[BYTEWORD ewich | 
2 
Es 





BYTE 
Power supply (+5 V) 


Chip enable input 
OE/OE Output enable input 


NOTES: 

1. D15/A.1 pin becomes LSB address input (A-1) when the bit configuration is set in byte mode, 
and data output (D15) when in word mode. BYTE input pin selects bit configuration. 

2. The active levels of OE/OE and OE1/OE:/DC are mask programmable. 
Selecting DC allows the outputs to be active for both high and low levels applied to this pin. 
It is recommended to apply either a HIGH or a LOW to the DC pin. 





6-66 SHARP 


CMOS 2M (256K x 8/128K x 16) 
Mask Programmable ROM LH532000B 





TRUTH TABLE 


Operating (icc) 
Operating (Icc) 


Vec 
VIN 





NOTE: 
1. The maximum applicable voltage on any pin with respect to GND. 


RECOMMENDED OPERATING CONDITIONS (Ta = 0 to +70°C) 


TT NS 


tage | Veo | 45 | 50 | 55 [ Vv 
DC CHARACTERISTICS (Vcc = 5 V+ 10%, Ta = 0 to +70°C) 
[PARAMETER [SYMBOL | CONDMONS | MN. | TWP | WAX | UNT | NOTE 


Finput Low’ votage | Va | —S=S~sdSCOS | | 
input Hight votage | Vw | —=SsSC=«dYCi 
[Output "Low" voltage | Vor | l= 20mA 


VoL 

Output “High” voltage IoH = -400 LA 
| 
| 















, hes 
- | 24 
[Input leakage current | [hil | Vin=OVtoVec | 
[Output leakage current | |hol | Vour=0VtoVec | 
| lect | trc=trc (MIN) | 
| loca |trc=tns | 
ze 
eat 
Rou 
ee 






Operating current 







| 04 
et 
| 10 
Le 
| 50 
eee 
0 


=e 
| 100 


tac = trc (MIN.) 


| Standby current 
| | lss2__ | CE = Vcc - 0.2 V 


NOTES: pee 
1. OE/OE1= Vit, CE/OE/OE1= Vin 

2. Vin = ViVi, CE = Vit, outputs open 

3. Vin = (Vcc - 0.2 V) or 0.2 V, CE = 0.2 V, outputs open 









_ a a ae 
aie a ae ae 
= a a 
ee a 
beeen vA | ot 
= 
Load | 
Fe 
a 

feo al ) mA | 
ae | A 





CAUTION 


To stabilize the power supply, it is recommended that a high-frequency bypass capacitor be connected between 
the Vcc pin and GND. 





CMOS 2M (256K x 8/128K x 16) 
LH532000B Mask Programmable ROM 





AC CHARACTERISTICS (Vcc = 5 V + 10%, Ta = 0 to +70°C) 


PARAMETER 
Read cycle time trc 
Address access time 


Chip enable access time 


NOTE: 
1. This is the time required for the output to become high-impedance. 





AC TEST CONDITIONS 


Output load condition 


Input capacitance 
Output capacitance 


(NOTE 2) 
“17 M6 


(Ao - Ate) 


OE/OE, 
OE/OE, 


(NOTE 2) 
Do - Dz 
(Do - Dy5) 


NOTES: 
1. Data becomes valid after tay, tace, and tog from address 
input, chip enable or output enable, respectively have been met. 


2. Applied to byte mode. Signals in parentheses apply to word mode. 





Figure 3. Timing Diagram 





6-68 | SHARP 


CMOS 2M (256K x 8/128K x 16) 
Mask Programmable ROM LH532000B 





ORDERING INFORMATION 


LH532000B X - ## 
Device Type Package Speed 


12 120 
|__fz 150 Access Time (ns) 


D 40-pin, 600-mil DIP (DIP40-P-600) 

M 44-pin, 14 x 14 mm? QFP (QFP44-P-1414) 
N 40-pin, 525-mil SOP (SOP40-P-525) 

Z 44-pin, 10 x 10 mm? QFP (QFP44-P-1010) 


CMOS 2M (256K x 8 or 128K x 16) Mask Programmable ROM 


Example: LH532000BD-15 Wide 2M (256K x 8 or 128K x 16) Mask Programmable ROM, 
150 ns, 28-pin, 600-mil DIP) 





SHARP 


L Hi 5321 00 B CMOS 2M (256K x 8) Mask Programmable ROM 





FEATURES 


262,144 x 8 bit organization 
Access time: 120/150 ns (MAX.) 


Low power consumption: 
Operating: 275 mW (MAX.) 
Standby: 550 wW (MAX.) 


Static operation (Internal sync. system) 


Mask-programmable OE/OE and 
OE1/OE4 


TTL compatible I/O 
Three-state outputs 
Single +5 V power supply 


Packages: 
32-pin, 600-mil DIP 
32-pin, 525-mil SOP 


JEDEC standard EPROM pinout (DIP) 


6-70 





DESCRIPTION 


The LH532100B is a mask programmable ROM 
organized as 262,144 x 8 bits. It is fabricated using 
silicon-gate CMOS process technology. 


PIN CONNECTIONS 


32-PIN SOP 


OE,/OE,/DC I] 1¢ 


Figure 1. Pin Connections for DIP and 
SOP Packages 


SHARP 


CMOS 2M (256K x 8) Mask Programmable ROM LH532100B 


MEMORY 
MATRIX 
(262,144 x 8) 


ADDRESS BUFFER 
ADDRESS DECODER 


COLUMN SELECTOR 


SENSE AMPLIFIER 


TIMING 
GENERATOR 


Voc GND 
NOTE: Pin numbers apply to the 32-pin DIP. 





Figure 2. LH532100B Block Diagram 


PIN DESCRIPTION 


[—SieNAL_[____PNNAME_[_NOTE_| 
[AoA | Address input Sd 
[Do-Dr | Data output SSS 
[GE | Chip Enabie mp’ ———iY 
[OEE [Output Enable input | 1 


NOTE: 

1. Active levels of OE/OE and OE1/OE1/DC are mask programmable. 
Selecting DC allows the outputs to be active for both high and low levels applied to this pin. 
It is recommended to apply either a HIGH or a LOW to the DC pin. 











SIGNAL 


nen Output Enable input/ si 
Power supply (+5 V) fee ce 
| GND = [Ground | 







TRUTH TABLE 


(SE [OEE [ OEE, [MODE | De-by | SUPPLY CURRENT _ 
Non selected 
Non selected 


-Z 
Pt |x [tm | Non selected |_High-Z | Operating (ec 
Pt | wt [Ha [ Selected | Dour | Operating (co) 


NOTE: 
X=HorLl 





SHARP 6-71 


LH532100B CMOS 2M (256K x 8) Mask Programmable ROM 





ABSOLUTE MAXIMUM RATINGS 


Supply wltage ‘| Veo ~(| 0a70 |v | 
input vottage —+(| Ww | 03t0Vocw0s | Vv 

[Operating temperature | Topr | ows70 | co |_| 
[Storage temperature | Tay | Sstovisd | c [| 


NOTE: 
1. The maximum applicable voltage on any pin with respect to GND. 











RECOMMENDED OPERATING CONDITIONS (Ta = 0 to +70°C) 


[—ranaweren [syweor | ww | Te | WAX | NT _| 


a 
ei 
i 


re es 
ora Sell 
ya 
cen eee 
io] | Vour= 0Vto Ves | 
cor [we = 15008 
| = ccna 
Operating current =< eae ae 
a So 


Standby current CE = 0.2 V, 
| CE = Vcc - 0.2 V 


NOTES: 
1. CE/OE/OE; = Vin or OE/OE; = Vit 

2. Vin = ViVi, CE = Vit, outputs open 

3. Vin = (Vcc - 0.2 V) or 0.2 V, CE = 0.2 V, outputs open 





AC CHARACTERISTICS (Vcc = 5 V + 10%, Ta = 0 to +70°C) 


Chip enable access time 


NOTE: 
1. This is the time required for the outputs to become high-impedance. 





CAUTION 


To stabilize the power supply, it is recommended that a high-frequency bypass capacitor be connected between 
the Vcc pin and the GND pin. 


6-72 | SHARP 


CMOS 2M (256K x 8) Mask Programmable ROM LH532100B 


AC TEST CONDITIONS 


0.8 V and 2.2 V 








CAPACITANCE (Vcc = 5 V+ 10%, f = 1 MHz, Ta = 25°C) 


Input capacitance CIN 
Output capacitance 


NOTE: Data becomes valid after the intervals tag, tace, and tog from address 
input, chip enable and output enable, respectively have been met. 





Figure 3. Timing Diagram 


ORDERING INFORMATION 


LH532100B - ## 
Device Type Speed 


12 120 
L_ 15 150 Access Time (ns) 


D 32-pin, 600-mil DIP (DIP32-P-600) 
N 32-pin, 525-mil SOP (SOP32-P-525) 


CMOS 2M (256K x 8) Mask Programmable ROM 


Example: LH532100BD-15 (CMOS 2M (256K x 8) Mask Programmable ROM, 150 ns, 32-pin, 600-mil DIP) oe 
5321 





SHARP 6-73 


L Hi 532200 B CMOS 2M (256K x 8) Mask Programmable ROM 





FEATURES 


262,144 x 8 bit organization 


Access time: 150 ns (MAX.) 


Low power consumption: 
Operating: 275 mW (MAX.) 


Static operation (No clock required) 


Mask-programmable OE1/OE1/DC and 
OE2/OE2/DC 


TTL compatible I/O 
Three-state outputs 
Single +5 V power supply 


32-pin, 600-mil DIP 
Compatible to 28-pin 1M-bit mask 
ROM specific pinout 


6-74 


DESCRIPTION 


The LH532200B is a mask programmable ROM 
organized as 262,144 x 8 bits. It is fabricated using 
silicon-gate CMOS process technology. 


PIN CONNECTIONS 


TOP VIEW 





Figure 1. Pin Connections for DIP Package 


SHARP 


CMOS 2M (256K x 8) Mask Programmable ROM LH532200B 


MEMORY 
MATRIX 
(262,144 x 8) 


oc 
fr nT 
Ti Q 
i O 
D> oO 
rr) Ww 

QO 
A) D 
Ww Y“”) 
[oa lu 
Qa x 
Q ran} 
< (an) 

< 


COLUMN SELECTOR 


SENSE AMPLIFIER 


TIMING 
GENERATOR 





Figure 2. LH532200B Block Diagram 


PIN DESCRIPTION 


Adress inpu 4 
Data output an 


| =O OE Output Enable input 


D7 
OE,/OE1/DC dali Enel input/ 


NOTE: 

1. Active levels of OE1/OE1/DC and OE2/OE2/DC are mask programmable. 
Selecting DC allows the outputs to be active for both high and low levels applied to this pin. 
It is recommended to apply either a HIGH or a LOW to the DC pin. 



















NOTE 


SIGNAL NOTE 


Output Enable input/ 
OE2/OE2/DC Don’t Care 


Power supply @SV) | 
[eno [Ground 












SHARP 6-75 


LH532200B CMOS 2M (256K x 8) Mask Programmable ROM 


TRUTH TABLE 






TH |X | _X | Nonselected | HighZ | Operating (loc) 
[x |u| x [Non selected | High-Z | Operating (loo) 
L 







Pk ft Ha {| MM | Selected =| Dour Operating (cc) 
NOTE: 
X=HorL 


ABSOLUTE MAXIMUM RATINGS 


PARAMETER 


Supply voltage 
input voltage P Vw | 2810 Vec+03 
Operating temperature 
Storage temperature | Tstg | -55to+150 | 


NOTE: 
1. The maximum applicable voltage on any pin with respect to GND. 










RECOMMENDED OPERATING CONDITIONS (Ta = 0 to +70°C) 
[PARAMETER | SYBOL | WN | TR | MAX | ONT | 


input High* voltage | vw SSCS~=~iSCi 
Output *Low*vottage | Vo [la=20mA | id SSS 
Output “High? voltage | Vow [low =-400uA ‘| 24 | 
input leakage current | lil [Vw=0VVeo | | —*d 
Output leakage current | |hol [Vour=0VtoVec | | 
Ttecs [tec =160r8 | 
ao 

ena aan 

ee 


VIH 
VoL 
VOH 
| 
| 
| Operating current 


1. OE/OEs/OE2 = Vin or OE1/OE2 = Vit 
2. Vin = ViH/ViL, Outputs open 
3. Vin = (Vcc - 0.2 V) or 0.2 V, outputs open 





NOTES: 





6-76 SHARP 


CMOS 2M (256K x 8) Mask Programmable ROM LH532200B 


AC CHARACTERISTICS (Vcc = 5 V + 10%, Ta = 0 to +70°C) 


Address access time tAA 


Output enable delay time toe | 
Output hold time | ton | 
OE to output in High-Z tOHZ 


NOTE: 
1. This is the time required for the output to become high-impedance. 





AC TEST CONDITIONS 


"input reference level _4.5V 


Output load condition 1TTL +100 pF 


CAPACITANCE (Vcc = 5 V + 10%, f = 1 MHz, Ta = 25°C) 


Input capacitance CIN 
Output capacitance 








OE/OE,/OE, 
OE,/OE, 


Dy - D7 HH4 arava fo) 


NOTE: Data becomes valid after the intervals ta, and tog from address 
input or output enable input, respectively have been met. 





Figure 3. Timing Diagram 


CAUTION 


To stabilize the power supply, it is recommended that a high-frequency bypass capacitor be connected between 
the Vcc pin and the GND pin. 





SHARP 6-77 


'LH532200B CMOS 2M (256K x 8) Mask Programmable ROM 
ORDERING INFORMATION 
LH532200B D - HH 


Device Type Package Speed 
fe 15 150 Access Time (ns) 


32-pin, 600-mil DIP (DIP32-P-600) 


CMOS 2M (256K x 8) Mask Programmable ROM 


| Example: LH532200BD-15 (CMOS 2M (256K x 8) Mask Programmable ROM, 150 ns, 32-pin, 600-mil DIP) 


532200B-4] 





6-78 SHARP 


LH534000B 


CMOS 4M (512K x 8 / 256K x 16) 
Mask Programmable ROM 





FEATURES 


e Memory organization selection: 
524,288 x 8 bit (byte mode) 
262,144 x 16 bit (word mode) 


e BYTE input pin selects bit configuration 
e Access time: 200 ns (MAX.) 


e Low power consumption: 
Operating: 275 mW (MAX.) 
Standby: 550 wW (MAX.) 


e Static operation (Internal sync. system) 
e TTL compatible I/O 

e Three-state outputs 

e Single +5 V power supply 


e Packages: 
40-pin, 600-mil DIP 
40-pin, 525-mil SOP 
44-pin, 14 x 14 mm? QFP 
44-pin, 10 x 10 mm* QFP 


e X16 word-wide pinout 


DESCRIPTION 


The LH534000B is a 4M bit mask programmable 
ROM with two programmable memory organizations of 
byte and word modes. It is fabricated using silicon-gate 
CMOS process technology. 


SHARP 


PIN CONNECTIONS 


TOP VIEW 
40-PIN DIP 
40-PIN SOP 


1 
2 
3 
4 
5 
6 
7 
8 
9 


44-PIN QFP 





Figure 1. Pin Connections for DIP, SOP, 
and QFP Packages 


6-79 


LH534000B 


ADDRESS BUFFER 
ADDRESS DECODER 


TIMING 
GENERATOR 


BYTE/WORD ADDRESS 
SWITCHOVER BUFFER 


CIRCUIT 





Address input (BYTE mode) 


Address input 
Chip enable input 


NOTE: 
1. D1s/A.1 pin becomes LSB address input (A.1) when the bit configuration is set in byte mode, 
and data output (Dis) when in word mode. BYTE input pin selects bit configuration. 





6-80 


COLUMN SELECTOR 


CMOS 4M (512K x 8 / 256K x 16) 
Mask Programmable ROM 


MEMORY 
MATRIX 
(524,288 x 8) 
(262,144 x 16) 


jem 
Lu 
ve 
Li. 
~ 
a 
- 
~ 
Oo. 
- 
a 
Q 
5 
- 
O 
uw 
=} 
Lu 
“” 
< 
< 
Q 


SENSE AMPLIFIER 






signal PNNANE____|_NOTE_] 
[GE | Chip enable input «dt 
[BYTE | Byterword mode switch | | 
[Woo | Power supply (sv) | 

ND cana 







SHARP 


CMOS 4M (512K x 8 / 256K x 16) 
Mask Programmable ROM LH534000B 





TRUTH TABLE 









TNS A eS SS SSSR NESS 


[HH [byte | De-Dis | High-z | Operating (loc) | 








Dg - Dis 





1. X=HorLl 
2. The input state of BYTE must not be changed during operation. The BYTE pin must be set to either HIGH or LOW. 


ABSOLUTE MAXIMUM RATINGS 
[PARAMETER | SvMBOL[ RATING | _UNT | NOTE | 


! 
C 






Operating temperature 0 to +70 ims 
Storage temperature -55 to +150 a aa 


NOTE: 
1. The maximum applicable voltage on any pin with respect to GND. 





RECOMMENDED OPERATING CONDITIONS (Ta = 0 to +70°C) 
[PARAMETER [| SvoL | WN [TYR | WAX.| ONT 


[Supply volage | Voc | 45 | so | ss |v 


DC CHARACTERISTICS (Vcc = 5 V+ 10%, Ta = 0 to +70°C) 


Input “High” voltage 


Output "High" voltage 
Vour = 0 V to Voo 
tre = 200 ns 
Operating current tac = 1 ps 
tac = 200 ns 
tre = 1 ps 


Standby current | tsar 
ee Te 


NOTES; __ 
1. OE = Vi, CE = Vin 

2. Vin = ViwVit, CE = Vit, outputs open 

3. Vin = (Vcc - 0.2 V) or 0.2 V, CE = 0.2 V, outputs open 





CAUTION 


To stabilize the power supply, it is recommended that a high-frequency bypass capacitor be connected between 
the Vcc pin and GND. 


SHARP | 6-81 


CMOS 4M (512K x 8 / 256K x 16) 
LH534000B Mask Programmable ROM 


AC CHARACTERISTICS (Vcc = 5 V + 10%, Ta = 0 to +70°C) 





Address access time 


Chip enable access time 


Output enable delay time 


Output hold time 
| CE to output in High-Z 
| OE to output in High-Z 


NOTE: 
1. This is the time required for the outputs to become high-impedance. 





AC TEST CONDITIONS 


PARAMETER | RATING 
Input voltage amplitude 0.6 Vto2.4V 






| Output load condition 


CAPACITANCE (Vcc =5 V+ 10%, f = 1 MHz, Ta = 25°C) 
[PaRAWETER _[ SYWBOL |WIN TR 


Input capacitance CIN 
Output capacitance Cout 





tac 
wore 
ee a, 
(Ao - Ay7) 

taa(NOTE 1) 


(NOTE 2) 


Dy - Dz 
(Dg - Dy5) 


NOTES: 
1. Data becomes valid after the intervals ta, tace and tog from address 
input, chip enable, and output enable, respectively have been met. 


2. Applies to byte mode. Signals in parentheses apply to word mode. 





Figure 3. Timing Diagram 





6-82 SHARP 


CMOS 4M (512K x 8 / 256K x 16) 
Mask Programmable ROM 


ORDERING INFORMATION 


LH534000B 





LH534000B X - HH 
Device Type Package Speed 


—_ 20 200 Access Time (ns) 


D 40-pin, 600-mil DIP (DIP40-P-600) 

N 40-pin, 525-mil SOP (SOP40-P-525) 

Z 44-pin, 10 x 10 mm? QFP (QFP44-P-1010) 
M 44-pin, 14 x 14 mm? QFP (QFP44-P-1414) 


CMOS 4M (512K x 8 or 256K x 16) Mask Programmable ROM 





Example: LH534000BD-20 (CMOS 4M (512K x 8) Mask Programmable ROM, 200 ns, 40-pin, 600-mil DIP) 
534000B-4 


SHARP 


L H5341 00 B CMOS 4M (512K x 8) Mask Programmable ROM 





FEATURES 


524,288 x 8 bit organization 
Access time: 200 ns (MAX.) 


Power consumption: 
Operating: 275 mW (MAX.) 


Standby: 550 wW (MAX.) 


Mask programmable OE/OE and 
OE1/OE1/DC 


Fully static operation 

TTL compatible I/O 
Three-state outputs 
Single +5 V power supply 


Packages: 
32-pin, 600-mil DIP 
32-pin, 525-mil SOP 


JEDEC standard EPROM pinout (DIP) 





DESCRIPTION 


The LH534100B is a 4M-bit mask programmable 
ROM organized as 524,288 x 8 bits. It is fabricated 
using silicon-gate CMOS process technology. 


PIN CONNECTIONS 


32-PIN DIP 
32-PIN SOP 


OE, /0E,/0C F 


{ 
2 
3 
4 
5 
6 

7 
8 
9 


Figure 1. Pin Connections for DIP and SOP 
Packages 


SHARP 


CMOS 4M (512K x 8) Mask Programmable ROM LH534100B 


MEMORY 
MATRIX 
(524,288 x 8) 


ADDRESS BUFFER 
ADDRESS DECODER 


COLUMN SELECTOR 


SENSE AMPLIFIER 


TIMING 
GENERATOR | 


OUTPUT 
BUFFER 


NOTE: Pin numbers apply to the 32-pin DIP. 





Figure 2. LH534100B Block Diagram 


PIN DESCRIPTION 
[—sienaL_[ = PIWNAWE [NOTE 


PAo-Are | Address input ——<dYSS 
[Do-Dr | Data output Sid SS 
[CE [Chip Enable input | 


NOTE: 

1. Active levels of OF1/OE1/DC and OE/OE are mask programmable. 
Selecting DC allows the outputs to be active for both high and low levels applied to this pin. 
It is recommended to apply either a HIGH or a LOW to the DC pin. 






SIGNAL 


Output Enable input/ 
OEV/OEVDC | Don't Care 


| Veo Power supply(+5V) | 
|Ground | 











Vcc 
Ground 





SHARP 6-85 


_ LH534100B CMOS 4M (512K x 8) Mask Programmable ROM 





TRUTH TABLE 


OEE | OBOE [b= y_[_SuPPLY CURRENT _| 
Non selected | HighZ | Standby (Ise) 













; 


ABSOLUTE MAXIMUM RATINGS 


Supply votage 
310 Voo +0 





input voltage Cc ae ae 
Output voltage | Vout | -0.3t0Vec+03 | Vv 
Operating temperature 
Storage temperature 


NOTE: 
1. The maximum applicable voltage on any pin with respect to GND. 


RECOMMENDED OPERATING CONDITIONS (Ta =0 to +70°C) 
[PARAMETER _[SvMBOL | WN, [TYR | MAX | UNT | 


DC CHARACTERISTICS (Vcc = 5 V + 10%, Ta = 0 to +70°C) 


FinputLow'votage | ve | ———S—~S |e 
input “High? vottage | Vin 22 | ‘veces |v 
Output *Low= voltage | Vor ie! eal 
Output “High® voltage | Vow | ton=400uA | 2a | 
Vour= 0VioVes | | 
toca aia! DRT 
a ai 
es 
ain Saree 
ie 


ViIH 
VoL lo. = 2.0 mA 
VoH 


Operating current Ioc2 tac = 1 ps 


tac = 200 ns 
tre = 1 Hs 


Standby current | isa1 E = Vin 
| _Isae__ | CE = Voc - 0.2 V 


NOTES: 

1. CE/OE/OE1 = Vin or OE/OE: = Vit 

2. Vin = ViVi, CE = Vit, outputs open 

3. Vin = (Vcc - 0.2 V) or 0.2 V, CE = 0.2 V, outputs open 





CAUTION 


To stabilize the power supply, it is recommended that a high-frequency bypass capacitor be connected between 
the Vcc pin and the GND pin. 





6-86 SHARP 


CMOS 4M (512K x 8) Mask Programmable ROM LH534100B 





AC CHARACTERISTICS (Vcc =5 V+ 10%, Ta = 0 to +70°C) 


PARAMETER SYMBOL 


Read cycle time tre 
Address access time 


NOTE: 
1. This is the time required for the outputs to become high-impedance. 





AC TEST CONDITIONS 


[PARAMETER [RATING _ 


CAPACITANCE (Vcc = 5 V+ 10%, f = 1 MHz, Ta = 25°C) 
[—raraweTen [svat [win | WP 


Input capacitance 





Do- D7 


\j 
lh 


DATA VALID ph 


NOTE: Data becomes valid after the intervals tag, tace, and tog from address 
input, chip enable or output enable, respectively have been met. 





Figure 3. Timing Diagram 





SHARP 7 6-87 


LH534100B CMOS 4M (512K x 8) Mask Programmable ROM 


ORDERING INFORMATION 


LH534100B X - ## 
Device Type Package Speed 


= 20 200 Access Time (ns) 


D 32-pin, 600-mil DIP (DIP32-P-600) 
N 32-pin, 525-mil SOP (SOP32-P-525) 


CMOS 4M (512K x 8) Mask Programmable ROM 


Example: LH534100BD-20 (CMOS 4M (512K x 8) Mask Programmable ROM, 200 ns, 32-pin, 600-mil DIP) 


534100-4 





6-88 SHARP 


L H 534200 B CMOS 4M (512K x 8) Mask Programmable ROM 





FEATURES 
e 524,288 x 8 bit organization 


e Access time: 200 ns (MAX.) 


e Power consumption: 
Operating: 275 mW (MAX.) 


e Mask-programmable OE1/OE1/DC 
e Fully static operation 

e TTL compatible /O 

e Three-state outputs 

e Single +5 V power supply 


e Packages: 
32-pin, 600-mil DIP 
Compatible with 28-pin 1M mask 
ROM-specific pinout 





DESCRIPTION 


The LH534200B is a mask programmable ROM 
organized as 524,288 x 8 bits. It is fabricated using 
silicon-gate CMOS process technology. 


PIN CONNECTIONS 


32-PIN DIP TOP VIEW 


Figure 1. Pin Connections for DIP Package 


LH534200B CMOS 4M (512K x 8) Mask Programmable ROM 


MEMORY 
MATRIX 
(524,288 x 8) 


ADDRESS BUFFER 
ADDRESS DECODER 


COLUMN SELECTOR 


SENSE AMPLIFIER 


TIMING 
| GENERATOR 


OE 


: OUTPUT BUFFER | 





Figure 2. LH534200B Block Diagram 


PIN DESCRIPTION 


[—sigNAL_[___PNWAME___[_NOTE_ 
[~Ao-Awe | Address input 
[Do-Dy | Data output | 
[OE [Output Enabie input | 


NOTE: _ 

1. The active level of OE1/OE1/DC is mask programmable. 
Selecting DC allows the outputs to be active for both high and low levels that are applied to this pin. 
It is recommended to apply either a HIGH or a LOW to the DC pin. 






OE,/OE;/DC See ale input/ a 
Power supply(#5V) | 
| GND {Grund | 











CAUTION 


To stabilize the power supply, it is recommended that a high-frequency bypass capacitor be connected between 
the Vcc pin and the GND pin. 


6-90 | SHARP 


CMOS 4M (512K x 8) Mask Programmable ROM LH534200B 





TRUTH TABLE 


| oH |X | Nonselected | __High-Z Operating (Icc) 


HighZ | Operating (lc) 
Operating (loo 


NOTE: 
X=HorL 





ABSOLUTE MAXIMUM RATINGS 
[PARAMETER | SYMBOL | __RATING | UNT | NOTE | 


[Storage temperature | Tstg | Ssto+ts0 | co] 


NOTE: 
1. The maximum applicable voltage on any pin with respect to GND. 

















RECOMMENDED OPERATING CONDITIONS (Ta = 0 to +70°C) 
[PARAMETER | SYwOL | WIN [| TR | MAK | UNT 


[Supply vottage | Voc | 45 | so | ss |v 


DC CHARACTERISTICS (Vcc = 5 V + 10%, Ta = 0 to +70°C) 


|Input"Low" voltage | Ve {| | | | CV 
| Input "High voltage | Vm | | 2 cc 03 | OV 
[Output "Low" voltage | Vor |la=20mA | | | 
Output "High" voltage | Vo | lon=-400nA | 24 | 
[Input leakage current | |tu| | Vin=OVtoVec | | 
| Output leakage current | |ho| | Vour=OVtoVec | | 
| tect |trc=200ns {| | 
Operating current | toca |tec=tps || 
Ftocs [tne=200ns | |S 
Pics [to=tus | 
NOTES: 


1. OE/OE1 = Vin or OF} = Vit 
2. Vin = ViH/ViL, outputs open 
3. Vin = (Vcc - 0.2 V) or 0.2 V, outputs open 





40 


AC CHARACTERISTICS (Vcc = 5 V + 10%, Ta = 0 to +70°C) 
[__paraweren__[ svweot | MN | WAX | ONT | NOTE | 


[Address access time | tea | 
[Output enable time ‘| toe 
F Output hold time «ton 


OE to output in High-Z 


NOTE: 
1. This is the time required for the outputs to become high-impedance. 










pf 200 | ns | 
ee ee ee 
a (ears ee en eee 
eS (ae ee 
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LH534200B CMOS 4M (512K x 8) Mask Programmable ROM 





AC TEST CONDITIONS 


Input voltage amplitude 0.6 Vto2.4V 














CAPACITANCE (Vcc =5 V+ 10%, f = 1 MHz, Ta = 25°C) 


: CEE onan FFP 
Do - D7 L114 DATA VALID P75 


NOTE: Data becomes valid after the intervals ta, and tog from address 
input and output enable input, respectively have been met. 





Figure 3. Timing Diagram 


ORDERING INFORMATION 


LH534200B D - H# 
Device Type. Package Speed 


ieee 20 200 Access Time (ns) 
32-pin, 600-mil DIP (DIP32-P-600) 


CMOS 4M (512K x 8) Mask Programmable ROM 





| Example: LH534200BD-20 (CMOS 4M (512K x 8) Mask Programmable ROM, 200 ns, 32-pin, 600-mil DIP) 


534200B-4 


6-92 | a SHARP 


L H534300A CMOS 4M (512K x 8) Mask Programmable ROM 





FEATURES 


524,288 x 8 bit organization 
Access time: 150 ns (MAX.) 


Power consumption: 
Operating: 275 mW (MAX.) 
Standby: 550 wW (MAX.) 


Mask programmable OE/OE and 
OE1/OE1/DC 


Fully static operation 

TTL compatible I/O 
Three-state outputs 
Single +5 V power supply 


Packages: 
32-pin, 600-mil DIP 
32-pin, 525-mil SOP 


JEDEC standard EPROM pinout (DIP) 


SHARP 


DESCRIPTION 


The LH534300A is a 4M-bit mask programmable 
ROM organized as 524,288 x 8 bits. It is fabricated 
using silicon-gate CMOS process technology. 


PIN CONNECTIONS 


32-PIN DIP 
32-PIN SOP 


OE,/OE,/DCL] 1° 





Figure 1. Pin Connections for DIP and SOP 
Packages 
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LH534300A CMOS 4M (512K x 8) Mask Programmable ROM 


MEMORY 
MATRIX 
(524,288 x 8) 


ADDRESS BUFFER 


oc 
TT) 
QO 
O 
O 
lu 
a 
”) 
” 
nw) 
am 
Q 
OQ 
< 


COLUMN SELECTOR 


SENSE AMPLIFIER 


TIMING 
GENERATOR 


OE | 
BUFFER 


NOTE: Pin numbers apply to the 32-pin DIP. 


Voc GND 





Figure 2. LH534300A Block Diagram 


PIN DESCRIPTION 


(signa [pw wae [nore] 
P~Ao- Ae | Address input Ss 
[Do-Dr | Data output Sid 
[CE [Chip Enabienput | 
[ECE [Output Enable input | 1 


NOTE: 

1. Active levels of OE1/OE1/DC and OE/OE are mask programmable. 
Selecting DC allows the outputs to be active for both high and low levels applied to this pin. 
It is recommended to apply either a HIGH or a LOW to the DC pin. 








SIGNAL NOTE 


TR ET eS Se 


OE,/OE;/DC Se ee etave input/ 
Vcc 
GND 


| Veo Power supply (+5 V) 
[GND [Ground 
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CMOS 4M (512K x 8) Mask Programmable ROM LH534300A 





TRUTH TABLE 


SUPPLY CURRENT 


x High-Z 
Non selected 
Non selected 


Storage temperature 


NOTE: 
1. The maximum applicable voltage on any pin with respect to GND. 





RECOMMENDED OPERATING CONDITIONS (Ta = 0 to +70°C) 


[Supply voltage | Voc | «5 | 50 | 85 | V 

DC CHARACTERISTICS (Vcc = 5 V+ 10%, Ta = 0 to +70°C) 

[—araweren__[Svweot | conpmmons [wi [1WR_|_waX_|_UNT | NOTE | 
V 













SS TT a, ST i. LE SA SR Severe 


Input "High" voltage 
ou = 2.0 mA 
F Output “High* voltage | Vow | lon = -400 uA 


| 
Output leakage current Vout = 0 V to Vcc 


| 03 | 
22 | 
aa 
ee ae 
a a 
aa ae 
tne = 150 ns a ae 
ia AE 
oes ney 
ae ee 
a 
Pe 

























H 
tac = 150 ns 
E 


| Operating current 


Standby current 


NOTES: 

1. CE/OE/OE = Vin or OE/OE; = Vit 

2. Vin = Vin/Vit, CE = Vit, outputs open 

3. Vin = (Vcc - 0.2 V) or 0.2 V, CE = 0.2 V, outputs open 







‘A 
tt 


VIH 
Vcc - 0.2 V 





CE = 





CAUTION 


To stabilize the power supply, it is recommended that a high-frequency bypass capacitor be connected between 
the Vcc pin and the GND pin. 
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LH534300A CMOS 4M (512K x 8) Mask Programmable ROM 





AC CHARACTERISTICS (Vcc = 5 V+ 10%, Ta = 0 to +70°C) 


| Read cycle time trac 
Address access time 
Chip enable time 


CE to output in High-Z 


NOTE: 
1. This is the time required for the outputs to become high-impedance. 





AC TEST CONDITIONS 


Input voltage amplitude 0.6 Vto2.4V 
Input rise/fall time | = 10ns—s 












Input reference level 
Output reference level 0.8 V and2.2 V 
Output load condition 1TTL +100 pF 


CAPACITANCE (Vcc = 5 V + 10%, f = 1 MHz, Ta = 25°C) 









| — 
bo CH oan FPP 


NOTE: Data becomes valid after the intervals ta,, tace, and tog from address 
input, chip enable or output enable, respectively have been met. 





Figure 3. Timing Diagram 
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CMOS 4M (512K x 8) Mask Programmable ROM LH534300A 





ORDERING INFORMATION 


LH534300A X - ## 
Device Type Package Speed 


a 15 150 Access Time (ns) 


D 32-pin, 600-mil DIP (DIP32-P-600) 
N 32-pin, 525-mil SOP (SOP32-P-525) 


CMOS 4M (512K x 8) Mask Programmable ROM 





Example: LH534300AD-15 (CMOS 4M (512K x 8) Mask Programmable ROM, 150 ns, 32-pin, 600-mil DIP 
§343 


00-4 
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L H534400A CMOS 4M (512K x 8) Mask Programmable ROM 





FEATURES — 
e 524,288 x 8 bit organization 


e Access time: 150 ns (MAX.) 


e Power consumption: 
Operating: 275 mW (MAX.) 


e Programmable OE1/OE1/DC and OE/OE 
e Fully static operation 

e TTLcompatible I/O 

e Three-state outputs 

e Single +5 V power supply 


e Packages: 
32-pin, 600-mil DIP 
Compatible with 28-pin 1M mask 
ROM-specific pinout 


6-98 





DESCRIPTION 


The LH534400A is a mask programmable ROM 
organized as 524,288 x 8 bits. It is fabricated using 
silicon-gate CMOS process technology. 


PIN CONNECTIONS 


32-PIN DIP TOP VIEW 


Figure 1. Pin Connections for DIP Package 


SHARP 


CMOS 4M (512K x 8) Mask Programmable ROM LH534400A 


MEMORY 


7 MATRIX 
7 (524,288 x 8) 
COLUMN SELECTOR 


SENSE AMPLIFIER 





ADDRESS BUFFER 
ADDRESS DECODER 


TIMING 
GENERATOR 


OUTPUT BUFFER : 
OE,/OE,/DC SD eases OE 
13-1) 1) 1919192923 


Do D, Op Dg Dg Ds Dg 





Figure 2. LH534400A Block Diagram 


PIN DESCRIPTION 


NOTE 
fo-Are | Address input | 
J 


ze 
OEE | Output Enable input | Vec___| Powersupply (+5V) | 


Vcc 
NOTE: 


1. The active levels of OE;/OE1/DC and OE/OE are mask programmable. 
Selecting DC allows the outputs to be active for both high and low levels applied to this pin. 
It is recommended to apply either a HIGH or a LOW to the DC pin. 
















Output Enable input/ 
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LH534400A CMOS 4M (512K x 8) Mask Programmable ROM 





TRUTH TABLE 


| WH | X__ | Nonselected | High-Z | Operating (Icc) 


[x [Un | Nonseloctod | High-Z | Operating (loc) | 
Operating (oc 


NOTE: 
X=HorL 





ABSOLUTE MAXIMUM RATINGS 


[PARAMETER [SYMBOL |RATING | _UNT | NOTE] 
Fouput votage | Vour | -0.310Voc+0a | Vv _ 

[Operating temperature | Topr | owa7o | 0 | 
[Storage temperature | Tety | S6w0+t50 | -c | 


NOTE: 
1. The maximum applicable voltage on any pin with respect to GND. 





RECOMMENDED OPERATING CONDITIONS (Ta = 0 to +70°C) 


Finput"Low'vollage | We | CTC |CdYSC| 
Pinput*High* voltage | Vm | —S~sSC~C< 
[Output "Low" voltage | Vor |lo-20mA |_| 
Output "High" voltage 
Finput leakage current | i] [Vw=0VtVeo | 
Ihol |Vour=0VioVec |_| 

| tocr [trc=150ns | 
Operating current | _tcca |tac=tns | 

| tcca |tac=150ns | 

| iccs |tec=tus | 
NOTES: 


1. OE/OE; = Vin or OE/OE; = Vit 
2. Vin = Vin/ViL, outputs open 
3. Vin = (Vcc - 0.2 V) or 0.2 V, outputs open 





AC CHARACTERISTICS (Vcc =5 V+ 10%, Ta = 0 to +70°C) 
[araweren __[svweor [WN | MAX | UNT | NOTE | 


Read cycle time tRc 
tAA 










= 
[Address access time [twa 
[Output enable time | toe 
[Output hold time | tow 
[OE to ouputin HighZ | tow | ‘| 70 : 


NOTE: 
1. This is the time required for the outputs to become high-impedance. 





6-100 SHARP 


CMOS 4M (512K x 8) Mask Programmable ROM 


LH534400A 





AC TEST CONDITIONS 


PARAMETER RATING 
Input voltage amplitude 
Input rise/fall time | 40ns 


06Vto24V 


Input reference level 1.5V 
Output reference level 0.8 V and 2.2 V 
Output load condition 1TTL +100 pF 





CAPACITANCE (Vcc = 5 V + 10%, f = 1 MHz, Ta = 25°C) 





Input capacitance Cin 


Output capacitance CouT 





[—ParaweTeR | SywOL | WN [ TR | WAX | NT 






taa(NOTE) 


Do- Dz | 


Sec QU sa 
WARE: DATA VALID TTT 


NOTE: Data becomes valid after the intervals ta, and tog, from address 
input and output enable input, respectively have been met. 





Figure 3. Timing Diagram 


OPERATION IMMEDIATELY AFTER 
POWER UP 


To ensure valid data immediately after power up, it 
is necessary to change one or more addresses once 
the supply is stable. Valid data will be output at taa 
following the address transition. 


SHARP 


CAUTION 


To stabilize the power supply, it is recommended that 
a high-frequency bypass capacitor be connected be- 
tween the Vcc pin and the GND pin. 
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LH534400A CMOS 4M (512K x 8) Mask Programmable ROM 


Do - D7 





NOTE: t,, tp = 70ns (MIN.) 


Figure 4. Power Up Initialization 


ORDERING INFORMATION 


LH534400A D - ## 
Device Type Package Speed 


foe 15 150 Access Time (ns) 
32-pin, 600-mil DIP (DIP32-P-600) 


CMOS 4M (512K x 8) Mask Programmable ROM 


Example: LH534400AD-15 (CMOS 4M (512K x 8) Mask Programmable ROM, 150 ns, 32-pin, 600-mil DIP) 


534400-5 





6-102 | SHARP 


LH534500A 


CMOS 4M (512K x 8 / 256K x 16) 
Mask Programmable ROM 





FEATURES 


e Memory organization selection: 
524,288 x 8 bit (byte mode) 
262,144 x 16 bit (word mode) 


e BYTE input pin selects bit configuration 
e Access time: 150 ns (MAX.) 


e Low power consumption: 
Operating: 275 mW (MAX.) 
Standby: 550 wW (MAX.) 


e Static operation (Internal sync. system) 
e Automatic power down mode 

e TTLcompatible I/O 

e Three-state outputs 

e Single +5 V power supply 


e Packages: 
40-pin, 600-mil DIP 
40-pin, 525-mil SOP 
44-pin, 14 x 14 mm? QFP 


e X16 word-wide pinout 


DESCRIPTION 


The LH534500A is a 4M bit mask programmable 
ROM with two programmable memory organizations of 
byte and word modes. It is fabricated using silicon-gate 
CMOS process technology. 





PIN CONNECTIONS 


TOP VIEW 
40-PIN DIP 
40-PIN SOP 


1 
2 
3 
4 
5 
6 
7 
8 
9 


44-PIN QFP 


Figure 1. Pin Connections for 
DIP, SOP, and QFP Packages 
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CMOS 4M (512K x 8 / 256K x 16) 
LH534500A Mask Programmable ROM 


MEMORY 
MATRIX 
(524,288 x 8) 
(262,144 x 16) 


ADDRESS BUFFER 
ADDRESS DECODER 


COLUMN SELECTOR 


c 
Lu 
LL 
ie 
_ 
a 
= 
me] 
o. 
- 
3 
3 
-_ 
oO 
Ly 
aed 
uw 
” 
< 
- 
< 
a) 


TIMING = | 
GENERATOR | SENSE AMPLIFIER 


BYTE/WORD ADDRESS 
SWITCHOVER | BUFFER } 
CIRCUIT 


| NOTE: Pin numbers apply to 40-pin DIP. 





Figure 2. LH534500A Block Diagram 


PIN DESCRIPTION 
[SIGNAL | _PINNAME __|_NOTE 


| Ad Address input 


[SIGNAL_[ __PINNAME | _NOTE 
Address input 


[OBE | Chip Enable input | 2 
[BYTE | Byteiword mode switch [|__| 
[Veo | Power supp w5v) | 
NOTES: 


1. D15/A-1 pin becomes LSB address input (A-1) when the bit configuration is set in byte mode, 
and data output (D15) when in word mode. BYTE input pin selects bit configuration. 


2. Active level of OE/OE is mask programmable. 















= 
|_Do-Dis_| Data output aes 
ae 





6-104 SHARP 


CMOS 4M (512K x 8 / 256K x 16) 
Mask Programmable ROM LH534500A 


TRUTH TABLE 





inhi 


Inhibit Operating (Icc) 
0-Dr Operating (lc) 
| HH | Byte | De- Dis 





NOTE: 
X = High or Low 
The input state of BYTE must not be changed during operation. The BYTE pin must be set to either High or Low. 


ABSOLUTE MAXIMUM RATINGS 


[Supply voltage | Voc | 03t0s70 | Vv 
Tinputvottage —+(| Ww | 08t0Voow0 | Vv 
3t0Voo v0 | Vv 

<a 










Output voltage -0.3 to Vcc +0.3 
Storage temperature -55 to +150 


NOTE: 
1. The maximum applicable voltage on any pin with respect to GND 







RECOMMENDED OPERATING CONDITIONS (Ta =0 to +70°C) 
[PARAMETER | SywBOL | WIN, | TYR | MAX | _UNT 


[Supply vottage | Voc | 45 | 50 | ss |v 


DC CHARACTERISTICS (Vcc = 5 V + 10%, Ta = 0 to +70°C) 


Input "Low" voltage 
Input “High” voltage 
rinput leakage current | {ul | Vw= 0 V0 Voc 
Vout = 0 V to Veo 
tac = 150 ns 
| Operating current tre = 1 us 
tro = 150 ns 
tac = 1 bs 


| Standby current | tsar | 
ae Se 


NOTES: —_—— 
1. OE = Vi, CE/OE = Vin 

2. Vin = Vin/Vit, CE = Vit, outputs open 

3. Vin = (Vcc - 0.2 V) or 0.2 V, CE = 0.2 V, outputs open 
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CMOS 4M (512K x 8 / 256K x 16) 
LH534500A Mask Programmable ROM 


AC CHARACTERISTICS (Vcc = 5 V + 10%, Ta = 0 to +70°C) 





Read cycle time 


Address access time 


Chip enable access time | tace | 


[Output enable delay time | toe 
Output hold time | tow 


NOTE: 
1. This is the time required for the outputs to become high-impedance. 


AC TEST CONDITIONS 


| Input voltage amplitude 0.6 Vto 2.4 V 
| Input rise/fall time | 10ns 


Input reference level 1.5V 


Output reference level 0.8 V and 2.2 V 
Output load condition 1TTL +100 pF 


CAPACITANCE (Vcc =5 V+ 10%, f = 1 MHz, Ta = 25°C) 








Input capacitance 


Output capacitance 


(NOTE 2) 
A.4- Ay7 


(Ag - Ay7) 


(NOTE 2) 
Dy - D7 


(Dg - Dys5) 


NOTES: 
1. Data becomes valid after the intervals tag, tace and tog from address 
input, chip enable, and output enable, respectively have been met. 


2. Applies to byte mode. Signals in parentheses apply to word mode. 





Figure 3. Timing Diagram 





6-106 SHARP 


CMOS 4M (512K x 8 / 256K x 16) 
Mask Programmable ROM 


OPERATION IMMEDIATELY AFTER 
POWER UP 


To ensure valid data immediately after power up and 
once the supply is stable, perform one of the following 
operations: 


1. If the Chip Enable (CE) was high during power 
up, switch the CE input from HIGH to LOW. 
(tacE) or 


t,(NOTE 2) 


tp(NOTE 2) 


CE INACTIVE 


a, ANOTE 1) 
(Ao - Ay7) 


LH534500A 


2. Change one or more addresses if the CE input 
was LOW at power up. (tAa) 


The valid data will be output at tace or taa following 
a transition from the above operations (1) or (2). 
CAUTION 


To stabilize the power supply, it is recommended that 
a high-frequency bypass capacitor be connected be- 
tween the Vcc pin and GND. 


ACTIVE 


tace 


(NOTE 1) 
PoP? DATA VALID 
(Dg - Dy5) 


1. Applies to byte mode. Signals in parentheses apply to word mode. . 


NOTES: 
2. t; and tp: 80 ns (MIN.) 





Figure 4. Timing Diagram (Power On With CE Inactive) 


t, (NOTE 2) 


ACTIVE 


t, (NOTE 2) 


(NOTE 1) 


(Ag - A17) 


(NOTE 1) 
Dy - D7 
(Dg - D5) 


NOTES: 


A 


taa 


DATA INVALID DATA VALID 


1. Applies to byte mode. Signals in parentheses apply to word mode. 


2. tz and t,: 80 ns (MIN.) 





Figure 5. Timing Diagram (Power On With CE Active) 





SHARP 
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CMOS 4M (512K x 8 / 256K x 16) 
LH534500A Mask Programmable ROM 


ORDERING INFORMATION 


LH534500A X - ## 
Device Type Package Speed 


a 15 150 Access Time (ns) 


D 40-pin, 600-mil DIP (DIP40-P-600) 
N 40-pin, 525-mil SOP (SOP40-P-525) 
M 44-pin, 14 x 14 mm? QFP (QFP44-P-1414) 


CMOS 4M (512K x 8 or 256K x 16) Mask Programmable ROM 


Example: LH534500AD-15 (CMOS 4M (512K x 8) Mask Programmable ROM, 150 ns, 40-pin, 600-mil DIP) 


534500-6 





6-108 SHARP 


LH534600 


CMOS 4M (512K x 8 / 256K x 16) 
Mask Programmable ROM 





FEATURES 


e 524,288 x 8 bit organization 
(Byte mode) 
262,144 x 16 bit organization 
(Word mode) 


e BYTE input pin selects bit configuration 
e Access time: 100 ns (MAX.) 


e Low power consumption: 
Operating: 550 mW (MAX.) 
Standby: 1.65 mW (MAX.) 


e Static operation (Internal sync. system) 
e Automatic power down mode 

e TTLcompatible I/O 

e Three-state outputs 

e Single +5 V power supply 


e Packages: 
40-pin, 600-mil DIP 
40-pin, 525-mil SOP 
44-pin, 14 x 14 mm* QFP 


e X16 word-wide pinout 


SHARP 





DESCRIPTION 


The LH534600 is a 4M bit mask programmable ROM 
with two programmable memory organizations of byte 
and word modes. It is fabricated using silicon-gate 
CMOS process technology. 


PIN CONNECTIONS 


40-PIN DIP TOP VIEW 


534600-1 


Figure 1. Pin Connections for DIP, SOP, and 
QFP Packages 
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CMOS 4M (512K x 8 / 256K x 16) 
LH534600 Mask Programmable ROM 


MEMORY 
MATRIX 
(524,288 x 8) 
(262,144 x 16) 


ADDRESS BUFFER 
ADDRESS DECODER 


| COLUMN SELECTOR 


a 
uJ 
uu. 
LL. 
=> 
mM 
~ 
— 
Oo. 
E 
me 
Q 
O 
- 
O 
WwW 
—! 
Ww 
” 
< 
- 
< 
Oo 


TIMING | 
| GENERATOR [7] SENSE AMPLIFIER 


BYTE/WORD ADDRESS 
SWITCHOVER BUFFER 
CIRCUIT 


A. 





NOTE: Pin numbers apply to the 40-pin DIP. 


Figure 2. LH534600 Block Diagram 


PIN DESCRIPTION 
[signa [__PNNAWE [NOTE 


| (BYTE MODE) 

[he=Rir | Adress input fd 
[Doss | Data output «| 
[GE | Chip Enabio inpot_—| 


NOTES: 
1. D15/A-1 pin becomes LSB address input (A-1) when the bit configuration is set in byte mode, 
and data output (D15) when in word mode. BYTE input pin selects bit configuration. 


2. Active level of OE/OE is mask programmable. 










[SIGNAL PNWawE [NOTE _ 
[OBOE | Output Enable input | 2 
[BYTE | Byteword ewich | 
[veo | Power supply SW) | 
[eno [Ground 



















6-110 SHARP 


CMOS 4M (512K x 8 / 256K x 16) 
Mask Programmable ROM LH534600 


TRUTH TABLE 





Standby (Iss) 
Operating (Icc) 


Do-D7 | High-Z Operating (Icc) 
Z Operating (Icc) 


1. The input state of BYTE pin must not be changed during operation. The BYTE pin must be set to either High or Low. 





NOTE: 


X=HorL 


ABSOLUTE MAXIMUM RATINGS 
[PARAMETER | SvweOL | RATING __ 


A LT A SR RD 


Supply voltage -0.3 to +7.0 
Input voltage -0.3 to Vcc +0.3 
Output voltage -0.3 to Vcc +0.3 


0 to +70 
Storage temperature -55 to +150 
NOTE: 


1. The maximum applicable voltage on any pin with respect to GND. 










Operating temperature 









RECOMMENDED OPERATING CONDITIONS (Ta = 0 to +70°C) 
[PARAMETER SvweoL [wi [WR | WAX | ONT 


[Supply vottage | Voc | 45 | so | ss |v 


DC CHARACTERISTICS (Vcc = 5 V+ 10%, Ta = 0 to +70°C) 
[PARAMETER | SYMBOL | CONDITIONS [WIN | TVR | WAX | UNT | NOTE 


Output "Low” voltage lo. = 2.0 mA 
VoH 
| 











22 | 
Pee 
Output "High" voltage | Vow | lon=-400HA | 24 
| Input leakage current | |tuil | Vin=OVtoVeo | 
| Output leakage current | |hol | Vour=OVtoVec | 
| lecr |trc=100ms | 
Pee 

eee 

eee 

aie 

aaa) 






Teco [tec = tus 





Operating current 


Standby current 


NOTES: —_ 
1. OE = Vit, CE/OE = Vin 

2. Vin = Vi/Vit, CE = Vit, outputs open 

3. Vin = (Vcc - 0.2 V) or 0.2 V, CE = 0.2 V, outputs open 








é | 
Oo 








SHARP 6-111 


CMOS 4M (512K x 8 / 256K x 16) 
LH534600 Mask Programmable ROM 





AC CHARACTERISTICS (Vcc =5 V+ 10%, Ta = 0 to +70°C) 





NOTE: 
1. This is the time required for the outputs to become high-impedance. 


AC TEST CONDITIONS 


ES 


Input capacitance 
Output capacitance 





CAUTION 


To stabillize the power supply, it is recommended that a high-frequency bypass capacitor be connected between 
the Vcc pin and GND. 





6-112 SHARP 


CMOS 4M (512K x 8 / 256K x 16) 
Mask Programmable ROM LH534600 


(NOTE 2) 
A.,- Ay7 


(Ao - Ay7) 


(NOTE 2) 
Dy - D7 


(Dg - Dy5) 


NOTES: 
1. Data becomes valid after the intervals taq tace and tog from address 
input and output enable input, respectively have been met. 
2. Apply to byte mode. Signals in parentheses apply to word mode. 





Figure 3. Timing Diagram 


ORDERING INFORMATION 


LH534600 X - ## 
Device Type Package Speed 


ene. 10 100 Access Time (ns) 


D 40-pin, 600-mil DIP (DIP40-P-600) 
M 44-pin, 14 x 14 mm? QFP (QFP44-P-1414) 
N 40-pin, 525-mil SOP (SOP40-P-525) 


CMOS 4M (512K x 16) Mask Programmable ROM 


Example: LH534600D-10 (CMOS 4M Mask Programmable ROM, 100 ns, 40-pin, 600-mil DIP) 





LH538000 CMOS 8M (1M x 8 / 512K x 16) 
Mask Programmable ROM 





FEATURES DESCRIPTION 
; Cs The LH538000 is a mask programmable ROM 
e 1,048,576 x 8 bit organization organized as 1,048,576 x 8 bits (Byte mode) or 524,288 
(Byte mode) x 16 bits (Word mode) that can be selected by BYTE 
524,288 x 16 bit organization input pin. It is fabricated using silicon-gate CMOS 
process technology. 


(Word mode) 
ance PIN CONNECTIONS 
e BYTE input pin selects bit configuration 
42-PIN DIP TOP VIEW 


e Access time: 200 ns (MAX.) 


e Power consumption: 
Operating: 275 mW (MAX.) 
Standby: 550 pW (MAX.) 


e Fully static operation 


1 
2 
3 
4 
5 
6 
7 
8 
9 


e TTLcompatible I/O 
e Three-state outputs 
e Single +5 V power supply 


e Packages: 
42-pin, 600-mil DIP 
44-pin, 600-mil SOP 
48-pin, 12 x 18 mm* TSOP (Type 1) 
64-pin, 14 x 20 mm* QFP 





e X16 word-wide pinout 
Figure 1. Pin Connections for DIP Package 
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CMOS 8M (1M x 8 / 512K x 16) 
Mask Programmable ROM LH538000 


TOP VIEW 48-PIN TSOP (TYPE 1) TOP VIEW 


OmMmnN OM PR WN = 


1 
| 2 
3 
4 
5 
6 
7 
8 
9 





Figure 3. Pin Connections for SOP Package Figure 4. Pin Connections for TSOP Package 


64-PIN QFP ; TOP VIEW 





Figure 2. Pin Connections for QFP Package 
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CMOS 8M (1M x 8 / 512K x 16) 
LH538000 Mask Programmable ROM 


MEMORY 
MATRIX 
(1,048,576 x 8) 
(524,288 x 16) 


ADDRESS BUFFER 
ADDRESS DECODER 


COLUMN SELECTOR 


oc 
uu 
uu 
LL 
= 
mM 
- 
~ 
Qo 
-E 
~ 
Q 
o 
E 
O 
uJ 
ad 
uu 
” 
< 
bk 
< 
Q 


TIMING 
GENERATOR | SENSE AMPLIFIER 


BYTE/WORD ADDRESS 
| SWITCHOVER BUFFER 
CIRCUIT 





NOTE: Pin numbers apply to the 42-pin DIP. 


Figure 5. LH538000 Block Diagram 


PIN DESCRIPTION 
[signal _[__PINNAWE_|_NOTE_ 


Address input 

(Byte Mode) 
Address input —a 
[Do-Dis | Data output «dT SS 


Chip Enable input 
NOTE: 

1. D15/A.1 pin becomes LSB address input (A-1) when the bit configuration is set in byte mode, 
and data output (D15) when in word mode. BYTE input pin selects bit configuration. 
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CMOS 8M (1M x 8 / 512K x 16) 
Mask Programmable ROM LH538000 


TRUTH TABLE 





pH 












PARAMETER 


ete [Ww [aves {Vt 
ae 
—z 






Output voltage -0.3 to Vcc +0.3 Pov 
Storage temperature -55 to +150 


NOTE: 
1. The maximum applicable voltage on any pin with respect to GND. 







RECOMMENDED OPERATING CONDITIONS (Ta = 0 to +70°C) 


[PARAMETER | SvwsoL [win | TWR_| WAX | _ONT 


vec | 45 | 50 [55 | v1 


DC CHARACTERISTICS (Vcc = 5 V + 10%, Ta = 0 to +70°C) 


Tinpur'tow votage | Va [SSCS oe 
[Input "High" voltage | Vi | 
Output "High" voltage loH = -400 pA 
Vin = 0 V 10 Voc 
Vour = 0V to Vos 
| tac = 200 ns 
Operating current tre = 1 ps 
| tac = 200 ns 
tre = 1 Hs 


Standby current | tsar | cE ViH 
| Isa2__| CE = Voc - 


NOTES: _ 
1. CE /OE = Vin 

2. Vin = Vi/Vit, CE = Vit, outputs open 

3. Vin = (Vcc - 0.2 V) or 0.2 V, CE = 0.2 V, outputs open 
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CMOS 8M (1M x 8 / 512K x 16) 
LH538000 Mask Programmable ROM 


AC CHARACTERISTICS (Vcc = 5 V+ 10%, Ta = 0 to +70°C) 
[PARAMETER | SYMBOL | WIN | MAX | UNT | NOTE | 


|Readcycletime —ss|_ strc =| «200 || | ss] 
Address access time | twa | ons | 
| ons | 


|| 200 | 

i | | 200 

| to | 8 

|Outputhold time | ton | S| 
i aan ler (Cee 
a ee ee 













CE to output in High-Z 
OE to output in High-Z 


NOTE: 
1. This is the time required for the outputs to become high-impedance. 


AC TEST CONDITIONS 





PARAMETER RATING 


Input voltage amplitude 0.6 Vto2.4V 
Input rise/fall time 


Input reference level 
Output reference level 0.8 V and2.2 V 
Output load condition 1TTL +100 pF 


CAPACITANCE (Vcc = 5 V+ 10%, f = 1 MHz, Ta = 25°C) 





A4- Ayg” 
(Ao - Aig) 
taa(NOTE) 


Do- D7" (TT} Ee 
(Do - Djs) LALA _DATAVALID FUT FY 


NOTES: 
1. Data becomes valid after the intervals tag, tace, and tog from address 
input, chip enable and output enable, respectively have been met. 
2. (*) Applied to byte mode. Signals in parentheses apply to word mode. 





Figure 6. Timing Diagram 
CAUTION 


To stabilize the power supply, it is recommended that a high-frequency bypass capacitor be connected between 
the Vcc pin and GND. 





6-118 : SHARP 


CMOS 8M (1M x 8 / 512K x 16) 
Mask Programmable ROM 


ORDERING INFORMATION 


LH538000 X 
Device Type Package 


Example: LH538000D-20 (CMOS 8M (1M x 8) Mask Programmable ROM, 200 ns, 42-pin, 600-mil DIP) 
5 


SHARP 


LH538000 


= 20 200 Access Time (ns) 


D 42-pin, 600-mil DIP (DIP32-P-600) 

N 44-pin, 600-mil SOP (SOP44-P-600) 

T 48-pin, 12 x 18 mm? TSOP (TSOP48-P-1218: Type 1) 
M 64-pin, 14 x 20 mm?QFP (QFP64-P-1420) 


CMOS 8M (1M x 8 or 512K x 16) Mask Programmable ROM 





8000-4 
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LH538100 


CMOS 8M (1M x 8) Mask Programmable ROM 





FEATURES 


1,048,576 x 8 bit organization 
Access time: 200 ns (MAX.) 


Power consumption: 
Operating: 275 mW (MAX.) 
Standby: 500 pW (MAX.) 


Programmable output enable 
Fully static operation 

TTL compatible I/O 
Three-state outputs 

Single +5 V power supply 


Packages: 
32-pin, 600-mil DIP 
32-pin, 525-mil SOP 


JEDEC standard EPROM pinout (DIP) 


6-120 


DESCRIPTION 


The LH538100 is a mask programmable ROM 
organized as 1,048,576 x 8 bits. It is fabricated using 
silicon-gate CMOS process technology. 


PIN CONNECTIONS 


32-PIN DIP TOP VIEW 
32-PIN SOP 





Figure 1. Pin Connections for DIP and 
SOP Packages 


SHARP 


CMOS 8M (1M x 8) Mask Programmable ROM 


ADDRESS BUFFER 


x 
uu 
Q 
O 
oO 
uu 
a) 
uu 
a 
QO 
Q 
< 


TIMING 
GENERATOR 


LH538100 


MEMORY 
MATRIX 
(1,048,576 x 8) 


COLUMN SELECTOR 


SENSE AMPLIFIER 


7 OUTPUT BUFFER : 


babe bd be 


Do D; Ds Ds Dy, Ds De 





Figure 2. LH538100 Block Diagram 


PIN DESCRIPTION 


ES A LS TS 


| Do-D7 | Data output 
NOTE: 


1. The active level of OE/OE is mask programmable. 















SHARP 










OE | Output Enable input . of 4 
Cc Power supply (+5 V) ae 
p [Gone | SC 
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LH538100 CMOS 8M (1M x 8) Mask Programmable ROM 





TRUTH TABLE 


[ee onee | _wone | be-by | SuPPLv CURRENT _| 
PH |X | Nonselected | HighZ | Standby (ss) | 
—t | ut [ Non selected | High-Z | Operating (loc) 


NOTE: 
X=HorLl 






ABSOLUTE MAXIMUM RATINGS 


Output voltage 
Tat 


NOTE: 
1. The maximum applicable voltage on any pin with respect to GND. 





RECOMMENDED OPERATING CONDITIONS (Ta = 0 to +70°C) 
[PARAMETER | svweoL | WN | TR | MAX | ONT | 


Supply voltage | Voc | 45 | 50 | ss | Vv 
DC CHARACTERISTICS (Vcc = 5 V+ 10%, Ta = 0 to +70°C) 


Input “High” voltage 
jou = 2.0 mA 
ion = -400 HA 
Vin = 0 Vto Voc 


| Standby current | isa: == oe 


NOTES: oo 

1. CE = Vin or OF/OE = Vi/Vin 

2. Vin = ViVit, CE = Vit, outputs open 

3. Vin = (Vcc - 0.2 V) or 0.2 V, CE = 0.2 V, outputs open 


Operating current 
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CMOS 8M (1M x 8) Mask Programmable ROM LH538100 





AC CHARACTERISTICS (Vcc = 5 V+ 10%, Ta = 0 to +70°C) 


[Read cycletime | tac | 200 | | —*+| ns] 
Address access time | tan | 
| tace | 


Chip enable time tACE 

Output enable time | toe 
Output hold time | ton 
CE to output in High-Z 


OE to output in High-Z 


NOTE: 
1. This is the time required for the outputs to become high-impedance. 





a cil 2008. 
as eee ae 
LT a (ee 
(cel eee ee [eta 
an eee ee aE 
a es ee 


AC TEST CONDITIONS 


Input voltage amplitude 
[Output reference level | 08Vand22V | 


CAPACITANCE (Vcc = 5 V+ 10%, f = 1 MHz, Ta = 25°C) 
[we WaX_|_UNT 


Input capacitance Cin 
Output capacitance 





r\\\ 
TT 


NOTE: Data becomes valid after the intervals tag, tace, and tog from address 
input, chip enable or output enable, respectively have been met. 





Figure 3. Timing Diagram 
CAUTION 


To stabilize the power supply, it is recommended that a high-frequency bypass capacitor be connected between 
the Vcc pin and the GND pin. 
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LH538100 CMOS 8M (1M x 8) Mask Programmable ROM 
ORDERING INFORMATION 


LH538100 X - ## 
Device Type Package Speed 


|__ 20 200 Access Time (ns) 


D 32-pin, 600-mil DIP (DIP32-P-600) 
N 32-pin, 525 mil SOP (SOP32-P-525) 


CMOS 8M (1M x 8) Mask Programmable ROM 


Example: LH538100D-20 (CMOS 8M (1M x 8) Mask Programmable ROM, 200 ns, 32-pin, 600-mil DIP) 


538 100-4 
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L H 538200 CMOS 8M (1M x 8) Mask Programmable ROM 





FEATURES 
e 1,048,576 x 8 bit organization 


e Access time: 200 ns (MAX.) 


e Power consumption: 
Operating: 275 mW (MAX.) 


e Programmable OE1/OE1/DC 
e Fully static operation 
e TTL compatible I/O 
e Three-state outputs 
e Single +5 V power supply 
e Package: 
32-pin, 600-mil DIP 


Compatible with 28-pin 1M-bit mask 
programmable ROM-specific pinout 


SHARP 


DESCRIPTION 


The LH538200 is a mask programmable ROM 
organized as 1,048,576 x 8 bits. It is fabricated using 
silicon-gate CMOS process technology. 


PIN CONNECTIONS 


32-PIN DIP TOP VIEW 


1 
2 
3 
4 
5 
6 
7 
is 





Figure 1. Pin Connections for DIP Package 
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LH538200 CMOS 8M (1M x 8) Mask Programmable ROM 


MEMORY 
MATRIX 
(1,048,576 x 8) 


ADDRESS BUFFER 


o 
WW 
Q 
O 
O 
uu 
a 
0 
us 
ao 
OQ 
Q 
< 


COLUMN SELECTOR 


SENSE AMPLIFIER 


| TIMING 
| GENERATOR 


OE : 





Figure 2. LH538200 Block Diagram 


PIN DESCRIPTION 


[senat [PN NAWE__ [NOTE _ 
[De- 07 [Osta oust | 
[OE | Ouput Enabie input | 


NOTE: __ 

1. The active level of OE1/OE1/DC is mask programmable. 
Selecting DC allows the outputs to be active for both high and low levels that are applied to this pin. 
It is recommended to apply either a HIGH or a LOW to the DC pin. 










SIGNAL NOTE 


OE,/OEy/DC on ee input/ 
Power supply GW) [| 
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CMOS 8M (1M x 8) Mask Programmable ROM LH538200 





TRUTH TABLE 








[oe] EOE | _WODE | De-by | SUPPLY CURRENT 
TH |X | Nonselected | HighZ | Operating (ec) 
Non selected 
ai 


NOTE: 
X=HorLl 





ABSOLUTE MAXIMUM RATINGS 







Output votage | Vour | 03t0Vocv0a | Vv 


NOTE: 
1. The maximum applicable voltage on any pin with respect to GND. 






RECOMMENDED OPERATING CONDITIONS (Ta = 0 to +70°C) 


PinputLow" voltage | wu | —=—S*dY So] SP | 
‘input “igh? votage [Va | ———S~sSCi | 
FoutputLow" voltage | Vor [la=20ma | ——=«d| SS 
Output “High? vottage | Vow [tow=-400uA ‘| 2a | 
input eakage current | hil [Vw=0Vt0Voo | _+| 
[output leakage current | juo| | Vour=0VioVeo || 
tect [tc =200ns | 
operating current. | lece [tac=tus iP 
Ttocs [tmc=200n8 | 
NOTES: 


1. OE/OE; = Vin or OE1= Vit. 
2. Vin = Vin/ViL, outputs open. 
3. Vin = (Vcc - 0.2 V) or 0.2 V, outputs open. 
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LH538200 CMOS 8M (1M x 8) Mask Programmable ROM 





AC CHARACTERISTICS (Vcc = 5 V + 10%, Ta = 0 to +70°C) 


OE to output in High-Z tOHZ 


NOTE: 
1. This is the time required for the outputs to become high-impedance. 


trc | 
tAA 





AC TEST CONDITIONS 


RATING 
sv 
0.8 V and 2.2 V 
1TTL +100 pF _| 


CAPACITANCE (Vcc = 5 V+ 10%, f = 1 MHz, Ta = 25°C) 


ET A 


Input capacitance CIN 
Output capacitance 













S 


taa(NOTE) 


tonz 
mo —_ 


) 
ri LS 


NOTE: Data becomes valid after the intervals ta, and tog from address 
input or output enable input, respectively have been met. 





Figure 3. Timing Diagram 
CAUTION 


To stabilize the power supply, it is recommended that a high-frequency bypass capacitor be connected between 
the Vcc pin and the GND pin. 


6-128 : | SHARP 


CMOS 8M (1M x 8) Mask Programmable ROM LH538200 — 


ORDERING INFORMATION 


LH538200 D - ## 
Device Type Package Speed 


= 20 200 Access Time (ns) 


32-pin, 600-mil DIP (DIP32-P-600) 


CMOS 8M (1M x 8) Mask Programmable ROM 


Example: LH538200D-20 (CMOS 8M (1M x 8) Mask Programmable ROM, 200 ns, 32-pin, 600-mil DIP) 








SHARP 6-129 


LH538500A vi Mask Programmable ROM 





FEATURES DESCRIPTION 
ear The LH538500A is a mask programmable ROM 
e 1,048,576 x 8 bit organization organized as 1,048,576 x 8 bits (Byte mode) or 524,288 
(Byte mode) x 16 bits (Word mode) that can be selected by BYTE 
524,288 x 16 bit organization input pin. It is fabricated using silicon-gate CMOS 


rocess technology. 
(Word mode) P oY 


PIN CONNECTIONS 


42-PIN DIP TOP VIEW 
a Cc 


e BYTE input pin selects bit configuration 
e Access time: 150 ns (MAX.) 


e Power consumption: 
Operating: 275 mW (MAX.) 
Standby: 550 pW (MAX.) 


e Fully static operation 

e TTLcompatible I/O 

e Three-state outputs 

e Single +5 V power supply 


e Packages: 
42-pin, 600-mil DIP 
44-pin, 600-mil SOP 
44-pin, 14 x 14 mm? QFP 
64-pin, 14 x 20 mm* QFP 
48-pin, 12 x 18 mm* TSOP | 





Figure 1. Pin Connections for DIP Package 
e X16 word-wide pinout 


6-130 SHARP 


CMOS 8M (1M x 8 / 512K x 16) 
Mask Programmable ROM LH538500A 





44-PIN SOP TOP VIEW 


44-PIN QFP TOP VIEW 


1 
2 
3 
4 
5 
6 
7 
8 
9 





Figure 3. Pin Connections for 44-Pin QFP 





64-PIN QFP TOP VIEW 





Figure 4. Pin Connections for 64-Pin QFP Package 





SHARP 6-131 


CMOS 8M (1M x 8 / 512K x 16) 
LH538500A Mask Programmable ROM 


48-PIN TSOP-I TOP VIEW 


1 
2 
3 
4 
5 
6 
| 7 
8 





Figure 5. Pin Connections for TSOP Package 





6-132 SHARP 







CMOS 8M (1M x 8 / 512K x 16) 
Mask Programmable ROM 


LH538500A 








ADDRESS BUFFER 
ADDRESS DECODER 







TIMING 
GENERATOR 






BYTE/WORD 
SWITCH OVER 
CIRCUIT 


ADDRESS 
BUFFER 









BYTE 62 


89 


A 
NOTE: Pin numbers apply to the 42-pin DIP. a 





COLUMN SELECTOR 


SENSE AMPLIFIER 





MEMORY 
MATRIX 
(1,048,576 x 8) 
(524,288 x 16) 


e139) 


Veco GND 























DATA SELECTOR/OUTPUT BUFFER 


Figure 6. LH538500A Block Diagram 


PIN DESCRIPTION 
[siewaL[__-PINNAWE__—*«|:=ONOTE 


[Ax | Address input (Byte mode) | 1 
[he- Ae [Address input | 
[Do=Dis | Data output iY 
4 

aa 


| OE Output Enable input 


| 


Chip Enable input 





NOTE: 
D15/A-1 pin becomes LSB address input (A-1) when the bit configuration is set to byte mode, 
and data output (D15) when in word mode. BYTE input pin selects bit configuration. 


1. 


SHARP 


















Byte/word switch 
Power supply (+5 V) 


538500-2 
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CMOS 8M (1M x 8 / 512K x 16) 
LH538500A Mask Programmable ROM 


TRUTH TABLE 





X 
Non selected 


tgs Do-D7 | Dg-Dis Operating (Icc) 


Ee 





1. X=HorL 
* BYTE input state must be set to H or Land must not be changed during operation. 


ABSOLUTE MAXIMUM RATINGS 












Supply wtage +| Voc | 0310470 | V 
! 

[Operating temperature | Topr | owa7o | co |_| 
[storage temperature | Tag | S5t0+is0 | co | _—+' 


NOTE: 
1. The maximum applicable voltage on any pin with respect to GND. 










RECOMMENDED OPERATING CONDITIONS (Ta = 0 to +70°C) 


input “High voltage | Vw | —~S~dCi 

Output "Low" voltage | Vo [la=20mA |_| 

Output “High* voltage 

input leakage curent | iu |Vw=0VorVeo |__| 
| 

ae 

aa 


Output leakage current Vout = 0 V or Vcc aia 
| - 
Operating current - |-_eer_|tac=150ns | 


Standby current | iss: | CE=Vin 


CE = Voc - 





NOTES: _ 
1. CE/OE = Vi 
2. Vin = ViW/Vit, CE = ViL, outputs open 
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CMOS 8M (1M x 8 / 512K x 16) 
Mask Programmable ROM LH538500A 


AC CHARACTERISTICS (Vcc = 5 V+ 10%, Ta = 0 to +70°C) 





Read cycle time | tre 
Address access time 
Chip enable time 


| Output enable time 
Output hold time 
CE to output in High-Z 


NOTE: 
1. This is the time required for the outputs to become high-impedance. 





AC TEST CONDITIONS 


Finputrisefalitime [tone 


CAPACITANCE (Vcc =5 V+ 10%, f= 1 MHz, Ta = 25°C) 
PARAMETER | SYMBOL | MIN | TVR | MAX | UNIT 


| Output capacitance | Cour | | | 10 | 















(NOTE 2) 
A..- Aig 


(Ao - Ais) 


lace (NOTE 1) 


(NOTE 2) 
o- D7 
(Do - Dy5) 


NOTES: 
1. Data becomes valid after the intervals tag, tace, ANd tog from address 
input and output enable input, respectively have been met. 
2. Applied to byte mode. Signals in parentheses applied in word mode. 





Figure 7. Timing Diagram 


CAUTION 


To stabilize the power supply, it is recommended that a high-frequency bypass capacitor be connected between 
the Vcc pin and GND. 
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CMOS 8M (1M x 8 / 512K x 16) 
LH538500A Mask Programmable ROM 





ORDERING INFORMATION 


LH538500A X - ## 
Device Type Package Speed 


es 15 150 Access Time (ns) 


D 42-pin, 600-mil DIP (DIP42-P-600) 

Z 44-pin, 14 x 14 mm? QFP (QFP44-P-1414) 

M 64-pin, 14 x 20 mm? QFP (QFP64-P-1420 

N 44-pin, 600-mil SOP (SOP44-P-600) 

T 48-pin, 12 x 18 mm? TSOP (TSOP48-P-1218) 


CMOS 8M (1M x 8 or 512K x 16) Mask Programmable ROM 


Example: LH538500AD-15 (CMOS 8M Mask Programmable ROM, 150 ns, 42-pin, 600-mil DIP) 
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LH5316000 ve Mask Programmable ROM 


FEATURES DESCRIPTION 


ech The LH5316000 is a mask programmable ROM 
e 2,097,152 x 8 bit organization organized as 2,097,152 x 8 bits (Byte mode) or 
(Byte mode) 1,048,576 x 16 bits (Word mode) that can be selected 
1,048,576 x 16 bit organization by an input pin. It is fabricated using silicon-gate CMOS 
RO rocess technology. 
(Word mode) i o 





Sees, PIN CONNECTIONS 
e BYTE input pin selects bit configuration 


64-PIN SDIP TOP VIEW 
e Access time: 200 ns (MAX.) 


e Power consumption: 
Operating: 275 mW (MAX.) 
Standby: 550 pW (MAX.) 


e Fully static operation 


1 
2 
3 
4 
5 
6 
7 
8 
9 


e TTLcompatible I/O 
e Three-state outputs 
e Single +5 V power supply 


e Packages: 
64-pin, 750-mil SDIP 
64-pin, 14 x 20 mm* QFP 


e X16 word-wide pinout 





Figure 1. Pin Connections for SDIP Package 


‘SHARP 6-137 


CMOS 16M (2M x 8 / 1M x 16) 
LH5316000 Mask Programmable ROM 


64-PIN QFP TOP VIEW 





Figure 2. Pin Connections for QFP Package 
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CMOS 16M (2M x 8 / 1M x 16) 
Mask Programmable ROM LH5316000 


MEMORY 
MATRIX 
(2,097,152 x 8) 
(1,048,576 x 16) 


ADDRESS BUFFER 
ADDRESS DECODER 


| COLUMN SELECTOR 


DATA SELECTOR/OUTPUT BUFFER 


TIMING 
GENERATOR SENSE AMPLIFIER 


BYTE/WORD ADDRESS 
SWITCHOVER BUFFER 
CIRCUIT 





PIN DESCRIPTION 


Output Enable input 


Rare pu 
(Byte Mode) Byte/word switch 


Address input Power supply (+5 V) 
Chip Enable input | 


NOTE: 
1. Dy15/A-1 pin becomes LSB address input (A-1) when the bit configuration is set in byte mode, 
and data output (Dis) when in word mode. BYTE input pin selects bit configuration. 
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CMOS 16M (2M x 8 / 1M x 16) 
LH5316000 Mask Programmable ROM 


TRUTH TABLE 
| ce | OE] BYTE =| As | MODE | Do-Dy_| De-Dis | SUPPLYCURRENT | 


ee ae oe hZ | Standby (ss) 
[tx x] Non selected | _High-Z__ [Operating (loc) | 
Pinna Word | Do-D7 | De Dis | Operating (loc) 
Ta Byte | DoD | High-Z [Operating (loo) 
Taft tee =D | High Z 



















ABSOLUTE MAXIMUM RATINGS 


Supply voltage *(| Voc | 03tos70 | V 
[Operating temperature | Topr | oto+70 | od 
[Storage temperature | Teg | S6tovts0 | -c [+ 


NOTE: 
1. The maximum applicable voltage on any pin with respect to GND. 











RECOMMENDED OPERATING CONDITIONS (Ta = 0 to +70°C) 
[PARAMETER | SYMBOL | WIN, | TWP | MAX | _UNTT 


Input “Low” voltage VIL 


eeReeeetoeie! 

Input "High" voltage | Vin | 
| Vor | lo=20mA 

jlo =-400 HA 


ViH 
Output “Low” voltage VoL OL = 2.0 mA 
VoH 
| 
| 


Output "High" voltage | Von | OH = -400 LA 


| 
Input leakage current Vin = 0 V to Vcc 


Output leakage current Vout = 0 V to Voc 
tnc = 200 ns 
Operating current 
| tac = 200 ns 





tandby current | tsa, | CE=Vin 
| Ise | CE = Voc -0.2V 


2. Vin = ViVi, CE = Vit, outputs open. 
3. Vin = (Vcc - 0.2 V) or 0.2 V, CE = 0.2 V, outputs open. 


NOTES: _ 
1. CE /OE = Vin. 
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CMOS 16M (2M x 8 / 1M x 16) 
Mask Programmable ROM LH5316000 


AC CHARACTERISTICS (Vcc = 5 V+ 10%, Ta = 0 to +70°C) 





Read cycle time tre 
Address access time 
Chip enable time 


ton 


NOTE: 
1. This is the time required for the outputs to become high-impedance. 





AC TEST CONDITIONS 


0.8V and 22V 


CAPACITANCE (Vcc = 5 V + 10%, f = 1 MHz, Ta = 25°C) 








|Inputcapacitance | Cw | | | 10 
| Output capacitance | Cour | | | 10 


(NOTE 2) 
A.1- Aig 


(Ao - Ay) 


(NOTE 2) 


Do = D, (TTH 
(Do - D45) LA 4 


NOTES: 
1. Data becomes valid after the intervals ta,, tace, aNd tog from address 
input, chip enable and output enable, respectively have been met. 


2. Applies to byte mode. Signals in parentheses apply to word mode. 





Figure 4. Timing Diagram 


CAUTION 


To stabilize the power supply, it is recommended that a high-frequency bypass capacitor be connected between 
the Vcc pin and GND. 
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CMOS 16M (2M x 8 / 1M x 16) 
LH5316000 Mask Programmable ROM 


ORDERING INFORMATION 


LH5316000 X - ## 
Device Type Package Speed 


ia 20 200 Access Time (ns) 


D 64-pin, 750-mil SDIP (SDIP64-P-750) 
M 64-pin, 14 x 20 mm? QFP (QFP64-P-1420) 


CMOS 16M (2M x 8 or 1M x 16) Mask Programmable ROM 





Example: LH5316000D-20 (CMOS 16M (2M x 8) Mask Programmable ROM, 200 ns, 32-pin, 750-mil SDIP) 


5316000-4 
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PRELIMINARY 


LH5332000 ve Mask Programmable ROM 





FEATURES DESCRIPTION 
: er The LH5332000 is a mask programmable ROM 
e 4,194,304 x 8 bit organization organized as 4,194,304 x 8 bits (Byte mode) or 
(Byte mode) 2,097,152 x 16 bits (Word mode) that can be selected 
2,097,152 x 16 bit organization by input pin. It is fabricated using silicon-gate CMOS 


rocess technology. 
(Word mode) : oy 


ciara, PIN CONNECTIONS 
e BYTE input pin selects bit configuration 


e Access time: 200 ns (MAX.) TOP VIEW 


e Power consumption: 
Operating: 275 mW (MAX.) 
Standby: 550 wW (MAX.) 


e Fully static operation 


1 
2 
3 
4 
5 
6 
7 
8 
ig 


e TTL compatible I/O 
e Three-state outputs 
e Single +5 V power supply 


e Packages: 
44-pin, 600-mil SOP 
64-pin, 14 x 20 mm* QFP 


e X16 word-wide pinout 





Figure 1. Pin Connections for SOP Package 
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CMOS 32M (4M x 8 / 2M x 16) 
LH5332000 | PRELIMINARY Mask Programmable ROM 


64-PIN QFP TOP VIEW 





Figure 2. Pin Connections for QFP Package 
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CMOS 32M (4M x 8 / 2M x 16) 
Mask Programmable ROM PRELIMINARY LH5332000 


MEMORY 
MATRIX 
(4,194,304 x 8) 
(2,097,152 x 16) 


ADDRESS BUFFER 
ADDRESS DECODER 


COLUMN SELECTOR 


co 
Lu 
re 
ve 
~ 
ro a 
- 
— 
a. 
- 
ra 
— 
O 
uw 
I 
Lu 
” 
< 
- 
< 
Qa 


| CE TIMING 
wD BUFFER — SENSE AMPLIFIER | 
) OE | 

BUFFER 


| BYTE/WORD ADDRESS 
SWITCHOVER BUFFER 
CIRCUIT 


! NOTE: Pin numbers apply to 64-pin QFP. 





PIN DESCRIPTION 
[siewat_[___PINNAWE_—_—=«;:~=CNOTE_ 


[Ar Address input (ye mode) | 1 
[Ao-Aay [Address input | 
[Do Dis [Data output Si 
[GE [Chip Enable input | 


NOTE: 
1. D15/A-1 pin becomes LSB address input (A-1) when the bit configuration is set to byte mode, 
and data output (D1s) when in word mode. BYTE input pin selects bit configuration. 











Output Enable input 
Byte/word switch 


B 






YTE 
Vcc Power supply (+5 V) 
GND | 
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CMOS 32M (4M x 8 / 2M x 16) 
LH5332000 PRELIMINARY Mask Programmable ROM 


TRUTH TABLE 





Taw [x [x | Nonseected | Highz 


ree [ae [we fee | oe 
cae eve | De- Dis | HighZ 


NOTE: 
1. X=HorL 


* BYTE input state must be set to H or L which must not be changed during operation. 


ABSOLUTE MAXIMUM RATINGS 


input voltage 
Output voltage -0.3 to Vcc +0.3 


Operating temperature 0 to +70 a ae 


NOTE: 
1. The maximum applicable voltage on any pin with respect to GND. 























RECOMMENDED OPERATING CONDITIONS (Ta =0 to +70°C) 
[PARAMETER | SywBOL | WIN | TR | WAX | ONT 


[Supply votage | Voc | 45 | so | 55 |v 
DC CHARACTERISTICS (Vcc = 5 V+ 10%, Ta = 0 to +70°C) 


input "Low" voltage 
Input “High” voltage 
Output “Low” voltage 
Output "High” voltage 


Input leakage current Vin =O VorVcc 
Output leakage current Vout = 0 Vor Vcc 
Operating current nC = 2000s 


Standby current 





NOTES: _ 
1. CEOE=Vin 
2. Vin = ViVi, CE = Vit, outputs open 
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CMOS 32M (4M x 8 / 2M x 16) 
Mask Programmable ROM PRELIMINARY LH5332000 


AC CHARACTERISTICS (Vcc = 5 V+ 10%, Ta = 0 to +70°C) 





Read cycle time 
Chip enable time 


Output enable time 
Output hold time 
CE to output in High-Z 


OE to output in High-Z 


NOTE: 
1. This is the time required for the outputs to become high-impedance. 





AC TEST CONDITIONS 


Input voltage amplitude 
| Input rise/fall time | 10s 
0.8 V and 2.2 V 


CAPACITANCE (Vcc =5 V+ 10%, f = 1 MHz, Ta = 25°C) 
[PARAMETER | SYMBOL | MIN. [TVR | MAX. | ONT 


Input capacitance 
Output capacitance Cout 


















(NOTE 2) 
1- Azo 


(Ap - Azo) 


(NOTE 2) 


Do- D7 (TTH , 
(Do- Djs) CN ee TTY 


NOTES: 
1. Data becomes valid after the intervals ta,, tace, and tog from address 
input and output enable input, respectively have been met. 
2. Applied to byte mode. Signals in parentheses applied in word mode. 





Figure 4. Timing Diagram 


CAUTION 


To stabilize the power supply, it is recommended that a high-frequency bypass capacitor be connected between 
the Vcc pin and GND. 
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~ CMOS 32M (4M x 8 / 2M x 16) 
LH5332000 3 PRELIMINARY Mask Programmable ROM 


ORDERING INFORMATION 


LH5332000 X - ## 
Device Type Package Speed 


a= 20 200 Access Time (ns) 


M 64-pin, 14 x 20 mm? QFP (QFP64-P-1420) 
N 44-pin, 600-mil SOP (SOP44-P-600) 


CMOS 32M (4M x 8 or 2M x 16) Mask Programmable ROM 


Example: LH5332000N-20 (CMOS 32M Mask Programmable ROM, 200 ns, 44-pin, 600-mil SOP) 
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GENERAL INFORMATION -— 1 


DYNAMIC RAMs —- 2 


PSEUDO STATIC RAMs — 3 


‘ p BDYNAMIC RAMS - 2 


EPROMs/OTPROMs — 5 | 


MASK PROGRAMMABLE ROMS -6 | 


FIFO MEMORIES — 7 


STATIC RAMs — 4 | 








FIELD MEMORIES - 8 | 


| APPLICATION AND TECHNICAL INFORMATION -— 9 


PACKAGING — 10 





LHS5481 
LH5491 Cascadeable 64 x9 FIFO 


FEATURES high speed makes these FIFOs ideal for high perfor- 
mance communication and controller applications. 





e Fastest 64 x 8/9 Cascadeable FIFO 


35/25/15 MHz PIN CONNECTIONS 
e Expandable in Word Width & 
FIFO Depth 28-PIN PDIP 
e 
e Almost-Full/Almost-Empty & 
Half-Full Flags 


e Fully Independent Asynchronous 
Inputs & Outputs 


e LH5481 Output Enable forces Data 
Outputs to High-impedance State 


1 
2 
3 
4 
5 
6 
7 
8 
9 


e Pin Compatible & Cascadeable with 
LH5485/5495 256 x 8/9 FIFOs 


e Industry Standard Pinout 


e 28-Pin, 300-mil DIP & 
28-Pin PLCC Packaging 


FUNCTIONAL DESCRIPTION 


The LH5481 and LH5491 are high-performance, asyn- 
chronous First-In, First-Out (FIFO) memories organized 
64 words deep by 8 or 9-bits wide. The 8-bit LH5481 has 
an Output Enable (OE) function, which can be used to 28-PIN PLCC 
force the eight data outputs (DO) to a high-impedance 
state. The LH5491 has nine data outputs. 


These FIFOs accept 8 or 9-bit data at the Data Inputs 
(DI). A Shift In (Sl) signal writes the DI data into the FIFO. 
A Shift Out (SO) signal shifts stored data to the Data 
Outputs (DO). The Output Ready (OR) signal indicates 
when valid data is present on the DO outputs. 


If the FIFO is full and unable to accept more DI data 
Input Ready (IR) will not return high and SI pulses will be 
ignored. If the FIFO is empty and unable to shift data to 
the DO outputs, OR will not return high and SO pulses 
will be ignored. The Almost-Full/Almost-Empty (AFE) flag 
is asserted (HIGH) when the FIFO is almost-full (56 words 
or more) or almost- empty (8 words or less). The Half-Full 
(HF) flag is asserted (HIGH) when the FIFO contains 32 
words or more. 





Figure 1. Pin Connections for DIP Package 





Reading and writing operations may be asynchronous, 
allowing these FIFOs to be used as buffers between 
digital machines of different operating frequencies. The 


Figure 2. Pin Connections for PLCC Package 
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LH5481/91 64 x 8 /64x9 FIFO 


ALMOST-FULL 
oes 
WRITE POINTER i HALF-FULL 
| WRITE MULTIPLEXER | | 
ape ‘ 
LH5491) Di, - DI i | | >—— DO, 
deme! MEMORY ARRAY | Jpataour Be 
(LH5481) Dip-Dig | | , 
MR — iy 


HF 


DO, 


(LH5491) 
READ MULTIPLEXER o<-—OE 


MASTER 
| RESET READ POINTER 
| OUTPUT 
CONTROL 
LOGIC 


Figure 3. LH5481/91 Block Diagram 





PIN DESCRIPTIONS DESCRIPTION 


Half-Full Flag 
[AFE Almost-Full/ Almost-Empty 
Master Reset 


DESCRIPTION 


| PIN, 
Dio — Dlg Data Inputs 
DOo — DOs Data Outputs 
Shift In 


Positive Power Supply | 


ae. aay) 

AFE 
OE sd Output Enable (LH5481 only) 
[vss | Ground 





Input Ready | 
Output Ready 





1 
Shift Out 


64 x 8/64 x 9 FIFO LH5481/91 


ABSOLUTE MAXIMUM RATINGS 12 


J PARAMETER | RATING. 
| Static Discharge Votage* | 200M 


NOTES: 
1. All voltages are measured with respect to Vss. 


2. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating for 
transient conditions only. Functional operation of the device at these or any other conditions above those indicated in the “Operating Range” 
of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 


3. Outputs should not be shorted for more than 30 seconds. No more than one output should be shorted at any time. 
4. Sample tested only. 














OPERATING RANGE ! 
| PARAMETER | ——sDESCRIPTION, = |_-MIN | MAX __|_UNIT | 


|Ta____| Temperature, Ambient (oo | 70 | % | 
Supply Voltage 4.5 


Input Low Voltage (Logic "0") 2 


/ Vin | Input High Voltage (Logic "1") 


NOTES: 
1. All voltages are measured with respect to Vss. 
2. FIFO inputs are able to withstand a —1.5 V undershoot for less than 10 ns per cycle. 





TA 
VIH 


DC ELECTRICAL CHARACTERISTICS ! (Over Operating Range Unless Otherwise Noted) 
| PARAMETER |___——SDESCRIPTION, ~———s|_——SSTESTCONDITIONS __—_|_- MIN | MAX | UNIT _| 


flu | Input Leakage Current | Voc = 5.5 V, Vin= 0 Vo Voc 
[ho | Output Leakage Current (HighZ) | Vco=5.5V, Vour=0Vto Vcc _| -10 | 


Iu 
ILO 
= | 24 
= ee! 
oa | Power Supp Cisco cuore | eA Vi | 
fico __| PowerSupplyCurrent? | fsi=35MHz,fso=35MHz || 


NOTES: 
1. All voltages are measured with respect to Vss. 
2. Iccis dependent upon actual output loading and cycle rates. Specified values are with outputs open. 
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LH5481/91 _ | — 64x8/64x9 FIFO © 


AC TEST CONDITIONS 1 


15V 


NOTE: 
1. All voltages are measured with respect to Vss. 








CAPACITANCE 12 
[PARAMETER | DESCRIPTION | = TESTCONDITIONS ~——|_RATING | 
CIN Ta = 25°C, f = 1MHz, Voc = 4.5 V 


NOTES: 
1. All voltages are measured with respect to Vss. - 
2. Sample tested only. 










DEVICE 167 OHMS 


UNDER 1.73V 
TEST 
CL = 30 pF * 


i 


* INCLUDES JIG AND SCOPE CAPACITANCES 





Figure 4a. Input Rise and Fall Times | Figure 4b. Output Load Circuit 
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64 x8/64x9 FIFO LH5481/91 


AC ELECTRICAL CHARACTERISTICS ' (Over Operating Range) 


SYMBOL PARAMETER 


Operating Frequency 3 


SI LOW Time 28 
3 
3 








El 
< 
+ 
7) 





—_, ok, 
—_ 


NO 





first 
jis: | DataSetuptosi# 
toHIR 
[tesco | SOHIGHTime® 
[aso | SOLOWTime® 
a 
| tpHor =| Delay, SOLOW to OR HIGH 
[tson | DataSetuptoORHIGH 
ftsm | DataSeuptoR® 
Data Hold from IR ® 
| tea =|. Input Ready Pulse HIGH ® 
Output Ready Pulse HIGH ° 
| torzoe «| OE LOW to LOW Z (LH5481) ©° 
: OE HIGH to HIGH Z (LH5481) ©9 
| towne «|. SLLOWto HF HIGH 
SO LOW to HF LOW 
SO or SI LOW to AFE LOW 
SO or SI LOW to AFE HIGH 
MR Pulse Width 
HIGH to SI HIGH 
LOW to OR LOW ’ 
LOW to IR HIGH ” 
LOW to Output LOW ” 
LOW to AFE HIGH 
R LOW to HF LOW 





1 


oe 









24 
20 


—_—k 


5 


wk 


3 


= 
© 
— 
= 
o 


i¢e) 
ff 








i¢) 
oO 


wo 
oO 


40 40 





>i ht 
oO;}oO 
Ww 
on 


ie) 
oO 


Di} D 


JD 


25 


NO 
oe] 


NO 
ou 


m i= 
: we) 
rad td 
Z| 
le |a)ala la) fale 


ié) 
oO 


oO 





30 30 


| tHE 
NOTES: 
1. All time measurements performed at " AC Test Conditions”. 
2. fo=fsi = fso. 


' 9.” tpHsi + teLsi = tpHso + tpLso = !I/fo. 


tssi and tus! apply when memory is not full. 

. tsin and tyirn apply when memory is full and SI is HIGH. 

High-Z transitions are referenced to the steady-state VoH — 500 mV and Vox + 500 mV levels on the output. 
. After reset goes LOW, all Data outputs will be at LOW level, IR goes HIGH and OR goes LOW. 

Common dash number devices are guaranteed by design to function properly in a cascaded configuration. 
. Sample tested only. 


OMDNONSA 
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LH5481/91 


OPERATIONAL DESCRIPTION 


Unlike earlier versions of FIFOs, the LH5481 and 
LH5491 use dual-port Random-Access-Memory, write 
and read pointers, and special control logic. The write 
pointer is incremented by the falling edge of the Shift In 
(SI) signal, while the read pointer is incremented by the 
falling edge of the Shift Out (SO) signal. The Input Ready 
(IR) signal enables data writing to the FIFO. Output Ready 
(OR) indicates valid read information is available on the 
Data Output (DO) pins. 


Resetting The FIFO 


The FIFO Must Be Reset, upon Power-Up, using the 
Master Reset (MR) signal. This causes the FIFO to enter 
anempty state, indicated by the Output Ready (OR) being 
LOW and Input Ready (IR) being HIGH. All Data Output 
(DO) pins will be LOW in this state. The AFE flag will be 
HIGH and the HF flag will be LOW. 


If Shift In (SI) is HIGH, when the Master Reset (MR) 
signal is ended, then the data on the Data Input (Dl) pins 
will be written into the FIFO and Input Ready (IR) will 
return LOW until Shift In (Sl!) is brought LOW. 


lf Shift In (SI) is LOW when the Master Reset (MR) is 
ended, then Input Ready (IR) will go HIGH, but the data 
on the Data Input (Dl) pins will not enter the FIFO until 
Shift In (SI) goes HIGH. 


Shifting Data In 


Data Input (Dl) is shifted into the FIFO on the rising 
edge of Shift In (Sl). This loads input data into the FIFO 
and causes Input Ready (IR) to go LOW. When a falling 
edge of Shift In (Sl!) occurs,the write pointer increments 
to the next word position and Input Ready (IR) goes HIGH, 
indicating that the FIFO is ready to accept new data. 
When the FIFO is full, Input Ready (IR) remains LOW 
after the negative edge of Shift In (Sl) signal; Shift 
Out (SO) action is required to unload a word of data and 
bring Input Ready (IR) HIGH — see Bubblethrough 
description. 


Shifting Data Out 


Data is shifted out of the FIFO on the falling edge of 
Shift Out (SO). The read pointer increments to the next 
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64 x 8/64x9 FIFO 


word location and FIFO data, if present, will appear on the 
Data Output (DO) pins and the Output Ready (OR) signal 
will go HIGH. If FIFO data is not present, Output Ready 
(OR) will stay LOW, indicating the FIFO is empty; in this 
case, the last valid data read from the FIFO will remain 
on the Data Output (DO) pins. When the FIFO is not 
empty, Output Ready (OR) will go LOW after the rising 
edge of Shift Out (SO). The previous data remains on the 
Data Output (DO) pins until a falling edge of Shift Out 
(SQ). 


Fallthrough Condition 


When the FIFO is empty, a data word entering through 
the Shift In (SI) action will follow one of two sequences. 


If Shift Out (SO) is LOW, the data will propagate to the 
Data Output (DO) pins and Output Ready (OR) will go 
HIGH and stay HIGH until the next rising edge of Shift Out 
(SO). 


lf Shift Out (SO) is held HIGH while data is shifted into 
an empty FIFO (as occurs in depth cascading of FIFOs), 
data will propagate to the Data Output (DO) pins and 
Output Ready (OR) will pulse HIGH for a minimum time 
duration specified by tpor and then go back LOW again. 
The stored word will remain on the Data Output (DO) pins. 
lf more words are written into the FIFO, they will line up 
behind the first word and not appear on the Data Output 
(DO) pins until Shift Out (SO) has returned LOW. 


Bubblethrough Condition 


When the FIFO is full, Shift Out (SO) action will initiate 
one of the following two sequences: 


If Shift In (SI) is LOW, Input Ready (IR) will go HIGH 
and stay HIGH until the next rising edge of Shift In (SI). 


If Shift In (SI) is held HIGH while data is shifted out of 
a full FIFO (as occurs in depth cascading of FIFOs), Input 
Ready (IR) will pulse HIGH for a minimum time duration 
specified by tpiR and then go back LOW again. Special 
Data Input (DI) setup and hold times (tsin and tuir, 
respectively) are defined for this condition. 


SHARP 


64 x8/64x9 FIFO 


TIMING DIAGRAMS 


SHIFT IN 


INPUT READY 


DATA IN 


HF 


*NOTE: FIFO Contains 8 Words 


SHIFT OUT 


OUTPUT READY 


DATA OUT 


HF 


AFE 


** NOTE: FIFO Contains 9 Words 


SHARP 


tonir 


tour : 


Lo — a 


toLare 





Figure 5. Data In Timing 


toLor —_ 


CO a CC 


toHAFE 





Figure 6. Data Out Timing 


LH5481/91 


LH5481/91 64x8/64x9 FIFO 


TIMING DIAGRAMS (cont'd) 


SHIFT IN 


INPUT READY 


\! 


para | AAA XE 


(LOW) 


HF 


*** NOTE: FIFO Contains 31 Words 





Figure 7. Datain Timing 


SHIFT OUT 


OUTPUT READY | | tL 


toLor 
tsor 


sith AAKAXAXAAAK___XAXAXAXAXAAAYA 


totHe | 


AFE (LOW) 


**** NOTE: FIFO Contains 32 Words 





Figure 8. Data Out Timing 
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64 x 8/64 x9 FIFO LH5481/91 


TIMING DIAGRAMS (cont'd) 


1/fo 


tour 


| | 
paraIn | AAA _L_ AAA 


(HIGH) 


AFE 


***** NOTE: FIFO Contains 55 Words 





Figure 9. Data In Timing 


SHIFT OUT 


OUTPUT READY 


csc AMEAXAANAK LXER 


t oLAFE 


HF (HIGH) 


*ese** NOTE: FIFO Contains 56 Words 





Figure 10. Data Out Timing 
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LH5481/91 64 x 8/64 x9 FIFO 


TIMING DIAGRAMS (cont'd) 


SHIFT OUT 


SHIFT IN 


INPUT READY 


DATA IN 





Figure 11. Bubblethrough Timing (Reading a Full FIFO) 


SHIFT IN 


SHIFT OUT 


OUTPUT READY 


DATA OUT 





Figure 12. Fallthrough Timing (Writing an Empty FIFO) 
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64 x8/64x9 FIFO LH5481/91 


TIMING DIAGRAMS (cont’d) 


MASTER RESET 


INPUT READY 


OUTPUT READY 


SHIFT IN 


DATA OUT 





Figure 13. Master Reset Timing 
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LH5481/91 64 x 8/64x9 FIFO 





TIMING DIAGRAMS (cont'd) 


EMPTY 1 2 31 32 33 55 56 57 


owen 8 0S 
aa ieee ee 


Figure 14. Shifting Words In 





FULL 64 63 32 31 30 
SHIFT OUT 


a: carne 
a er ae 


Figure 15. Shifting Words Out 





7-12 SHARP 


64 x 8/64 x9 FIFO LH5481/91 





FIFO EXPANSION 


HF/AFE HF/AFE 


SHIFT OUT 


256 x 8/9 


COMPOSITE 
INPUT READY 


COMPOSITE 
OUTPUT READY 


256 x 8/9 


| SHIFT IN 


256 x 8/9 





Figure 16. 320 x 24/27 Configuration 
Using 64 x 8/9 (LH5481/91) & 256 x 8/9 (LH5485/95) FIFOs 
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LH5481/91 


64 x 8 /64x9 FIFO 





FIFO EXPANSION (cont’d) 


HF/AFE 
SHIFT IN 
INPUT READY 


DATA IN 





HF/AFE 


OUTPUT READY 
SHIFT OUT 


256 x 8/9 


DATA OUT 


Figure 17. 128 x 8/9 Configuration 


FIFOs are expandable in depth and width. However, 
in forming wider words, external logic is required to gen- 
erate composite Input and Output Ready flags. This is due 
to the variation of delays of the FIFOs. The example circuit 
(Figure 16) uses simple AND gates as the external IR and 
OR generators. More complex logic may be required if 
fallthrough and bubblethrough pulses are needed by the 
external system. 


FIFOs can be easily cascaded to any desired depth as 
illustrated in Figure 17. The handshaking and associated 
timing between the FIFOs are handled by the inherent 
timing of the devices. 


NOTES: 


1. When the memory is empty the last word read will remain on the 
outputs until the master reset is strobed or a new data word bub- 
bles through to the output. However, OR will remain LOW, indi- 
cating data at the output is not valid. 

2. When the output data changes as a result of a pulse on SO, the 
OR signal always goes LOW before there is any change in out- 
put data and stays LOW until the new data has appeared on the 
outputs. Anytime OR is HIGH, there is valid stable data on the 
outputs. 


3. All SHARP FIFOs will cascade with other SHARP FIFOs of the 


same architecture (i.e., 64 x 8/9 with 64 x 8/9 or 64 x 8/9 with 
256 x 8/9). However, they may not cascade with FIFOs from 
other manufacturers. 
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SHARP 


64x8/64x9 FIFO 


ORDERING INFORMATION 


LH#tHH X - ## 


Device Type Package Spe 


L_. 


LH5481/91 


15 
25 Frequency (MHz) 
35 


D 28-pin, 300-mil DIP (DIP28-P-300) 
U 28-pin Plastic Leaded Chip Carrier (PLCC28-P-S450) 


5481 64x 8FIFO 
5491 64x9FIFO 


Examples: LH5481D-25 (64 x 8 FIFO, 28-pin, 300-mil DIP, 25 MHz) 
LH5491U-35 (64 x 9 FIFO, 28-pin PLCC, 35 MHz) 
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L H 5AQ5 Cascadeable 256 x 8 FIFO 
Cascadeable 256 x 9 FIFO 


FEATURES PIN CONNECTIONS 





e Fastest 256 x 8/9 Cascadeable FIFO 28-PIN DIP 
35/25/15 MHz 


e Expandable in Word Width & FIFO Depth 
e Almost-Full / Empty & Half-Full Flags 


e Fully Independent Asynchronous 
Inputs & Outputs 


e LH5485 Output Enable forces Data 
Outputs to High-Impedance State 


1 
2 
3 
4 
5 
6 
7 
8 
9 


e Pin Compatible & Cascadeable with 
LH5481/5491 64 x 8/9 FIFOs 


e Industry Standard Pinout 


e 28-Pin, 300-mil DIP & 
28-Pin PLCC Packaging 


FUNCTIONAL DESCRIPTION Figure 1. Pin Connections for DIP Package 


The LH5485 and LH5495 are high performance, asyn- 
chronous First-In-First-Out (FIFO) memories organized 
256 words deep by 8 or 9 bits wide. The 8-bit LH5485 has 28-PIN PLCC 
an Output Enable (OE) function, which can be used to 
force the 8 data outputs (DO) to a high-impedance state. 
The LH5495 has 9 data outputs. 


These FIFOs accept 8 or 9-bit data at the DI data 
inputs. A Shift In (Sl) signal writes the DI data into the 
FIFO. A Shift Out (SO) signal shifts stored data to the DO 
outputs. The Output Ready (OR) signal indicates when 
valid data is present on the DO outputs. 


If the FIFO is full and unable to accept more DI data IR 
will not return high and Si pulses will be ignored. If the 
FIFO is empty and unable to shift data to the DO outputs, 
OR will not return high and SO pulses will be ignored. The 
Almost-Full and Almost-Empty (AFE) flag is asserted 
(HIGH) when the FIFO is almost-full (248 words or more) 
or almost-empty (8 words or less). The Half-Full (HF) flag 
is asserted (HIGH) when the FIFO contains 128 words or 
more. 


Reading and writing operations may be asynchronous, Figure 2. Pin Connections for PLCC Package 
allowing these FIFOs to be used as buffers between 
digital machines of widely different operating frequencies. 
The high speed makes these FIFOs ideal for high perfor- 
mance communication and controller applications. 
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256 x 8 / 256 x 9 FIFO LH5485/95 


| ALMOST-FULL 
ALMOST-EMPTY 


HALF-FULL HF 


DO, 


DO, 


Di, - Diy | 
LH5485) DI, - Di Seen 
( ) oo” “'S : . DO, 


(LH5495) 


OE 
(LH5485) 


MASTER 


RESET 
OR 





Figure 3. LH5485/95 Block Diagram 


PIN DESCRIPTIONS 













DESCRIPTION 


[PIN 

PHF | HaFullFlag 
‘MR | Master Reset | 
-DE___| Output Enable (LH5485 only) 
|Vec___| Positive Power Supply 








DESCRIPTION 


PN 
Cas 
|OR 











Input Ready 
Output Ready 
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ABSOLUTE MAXIMUM RATINGS 2 
| PARAMETER i |RATING 


Storage Temperature —65°C to 150°C 
| DC Voltage Applied To Outputs In High-Z state | —0.5 V to Vcc + 0.5 V (not to exceed 7 V) 


Static Discharge Voltage > 2000 V 
Power Dissipation (Package Lim) 


NOTES: 
1. All voltages are measured with respect to Vss. 


2. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating for 
transient conditions only. Functional operation of the device at these or any other conditions above those indicated in the “Operating Range” 
of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 


3. Outputs should not be shorted for more than 30 seconds. No more than one output should be shorted at any time. 
4. Sample tested only. 


OPERATING RANGE | 

[PARAMETER| __—=——SDESCRIPTION, —|_~MIN | MAX | UNIT 
/Ta____| Temperature, ambient | 0.0 | 70 | °C 
Vcc | SupplyVotage | 45 | S| OV 
vss [Gnd SS | 00 | 
| Vi____| Input Low Voltage (Logic"o")?__ | -05[ 08 | Vv | 
Input High Voltage (Logic "1") | 20 |Vvec+05| Vv | 


NOTES: 
1. All voltages are measured with respect to Vss. 
2. FIFO inputs are able to withstand a —1.5 V undershoot for less than 10 ns per cycle. 


DC ELECTRICAL CHARACTERISTICS ' (Over Operating Range, Unless Otherwise Noted) 


Input Leakage Current Vec = 5.5 V, Vin = 0 V to Voc 
Output Leakage Current (High-Z) Vcc = 5.5 V, Vout = 0 V to Vcc 
Output High Voltage Voc = 4.5 V, loo =—-4 mA 








. Vcc = 5.5 V, lout = O mA 
Power Supply Quienscent Current Vin < ViL, VIN > Vie 


Power Supply Current 2 fsi = 35 MHz, fso = 35 MHz 


1. All voltages are measured with respect to Vss. 
2. Iccis dependent upon actual output loading and cycle rates. Specified values are with outputs open. 





[too 


NOTES: 
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AC TEST CONDITIONS ' 
| PARAMETER) ——Cisd_—=séCRACTING COC 


Output Load for AC Timing Tests Figure 4b 


NOTE: 
1. All voltages are measured with respect to Vss. 


CAPACITANCE 17 
[PARAMETER| DESCRIPTION | —=——sSTESTCONDITIONS —si|—sRATING | 


Input Capacitance __| Ta = 25°C, f= 1MHz, Voc = 45 V 
Output Capacitance TA = 25°C, f = 1MHz, Vcc = 4.5 V 


NOTES: 
1. All voltages are measured with respect to Vss. 
2. Sample tested only. 














DEVICE 167 OHMS 


UNDER 1.73 V 
TEST 
CL = 30 pF * 


I 


* INCLUDES JIG AND SCOPE CAPACITANCES 





Figure 4a. Input Rise and Fall Times Figure 4b. Output Load Circuit 
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AC ELECTRICAL CHARACTERISTICS | (Over Operating Range) 


Operating Frequency é 

SI HIGH Time 3° 

SI LOW Time 38 

Data Setup to SI 4 

Data Hold from SI 4 

Delay, SI HIGH to IR LOW 
Delay, SI LOW to IR HIGH 

SO HIGH Time 3 

SO LOW Time ° 

Delay, SO HIGH to OR LOW 
Delay, SO LOW to OR HIGH 
Data Setup to OR HIGH 

Data Hold from SO LOW 
Fallthrough Time 

Bubblethrough Time 

Data Setup to IR ° 

Data Hold from IR ° 

Input Ready Pulse HIGH ® 

utput Ready Pulse HIGH . 

OE LOW to LOW Z (LH5485) ©° 
OE HIGH to HIGH Z (LH5485) ©9 
SI LOW to HF HIGH 

SO LOW to HF LOW i. 


oer 
are 
eee 
O or SI LOW to AFE LOW ae 
feel 
| 35 | 


tPLSI 


tHsI 
tDLIR 


tPLSO 
tDLOR 


FT 
BT 


-— 


tHIR 


Oo 


= 


tDLZOE 


tDHHF 
{DLHF 
{DLAFE 
tDHAFE O or SI LOW to AFE HIGH 
Pulse Width 
MR HIGH to SI HIGH 
R LOW to OR LOW ” 


MR LOW to IR HIGH ” 


hae 
foe 
R LOW to Output LOW ” is 
a 
se 


tosI 


owk, 
wach condi, 
Ww} > _ 
= 
— 
N 


{LXMR 
FE R LOW to AFE HIGH 

tHE MR LOW to HF LOW | 30 — 
NOTES: 
1. All time measurements performed at "AC Test Conditions”. 
2. fo = fs! = fso. 
3. tpHs! + tpLsi = tpHso + tPLso = I/fo. 
4. tssi and tusi apply when memory is not full. 
5. tsirn and tir apply when memory is full and SI is HIGH. 
6. High-Z transitions are referenced to the steady-state Vo — 500 mV and Vox + 500 mV levels on the output. 
7. After reset goes LOW, all Data outputs will be at LOW level, IR goes HIGH and OR goes LOW. 
8. Common dash number devices are quaranteed by design to function properly in a cascaded configuration. 
9. Sample tested only. 
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OPERATIONAL DESCRIPTION 


Unlike earlier versions of FIFOs, the LH5485 and 
LH5495 use dual-port Random-Access-Memory, write 
and read pointers, and special control logic. The write 
pointer is incremented by the falling edge of the Shift In 
(SI) signal, while the read pointer is incremented by the 
falling edge of the Shift Out (SO) signal. The Input Ready 
(IR) signal enables data writing to the FIFO, while Output 
Ready (OR) indicates valid read information is available 
onthe Data Output (DO) pins. 


Resetting the FIFO 


The FIFO must be reset, upon Power-Up, using the 
Master Reset (MR) signal. This causes the FIFO to enter 
an empty state, indicated by the Output Ready (OR) being 
LOW and Input Ready (IR) being HIGH. All Data Output 
(DO) pins will be LOW in this state. The AFE flag will be 
HIGH and the HF flag will be LOW. 


lf Shift In (SI) is HIGH, when the Master Reset (MR) 
signal is ended, then the data on the Data Input (Dl) pins 
will be written into the FIFO and Input Ready (IR) will 
return LOW until Shift In (Sl) is brought LOW. 


lf Shift In (SI) is LOW when the Master Reset (MR) is 
ended, then Input Ready (IR) will go HIGH, but the data 
on the Data Input (DI) pins will not enter the FIFO until 
Shift In (SI) goes HIGH. 


Shifting Data In 


Data Input (Dl) is shifted into the FIFO on the rising 
edge of Shift In (Sl). This loads input data into the FIFO 
and causes Input Ready (IR) to go LOW. When a falling 
edge of Shift In (SI) occurs, the write pointer increments 
to the next word position and Input Ready (IR) goes 
HIGH, indicating that the FIFO is ready to accept new 
data. When the FIFO is full, Input Ready (IR) remains 
LOW after the negative edge of Shift In (Sl) signal; Shift 
Out (SO) action is required to unload a word of data and 
bring Input Ready (IR) HIGH — see Bubblethrough 
description. 


Shifting Data Out 


Data is shifted out of the FIFO on the falling edge of 
Shift Out (SO). The read pointer increments to the next 


LH5485/95 


word location and FIFO data, if present, will appear on 
the Data Output (DO) pins and the Output Ready (OR) 
signal will go HIGH. If FIFO data is not present, Output 
Ready (OR) will stay LOW, indicating the FIFO is empty; 
in this case, the last valid data read from the FIFO will 
remain on the Data Output (DO) pins. When the FIFO is 
not empty, Output Ready (OR) will go LOW after the rising 
edge of Shift Out (SO). The previous data remains on the 
Data Output (DO) pins until a falling edge of Shift Out 
(SO). 


Falithrough Condition 


When the FIFO is empty, a data word entering through 
the Shift In (SI) action will follow one of two sequences. 


If Shift Out (SO) is LOW, the data will propagate to the 
Data Output (DO) pins and Output Ready (OR) will go 
HIGH and stay HIGH until the next rising edge of Shift Out 
(SO). 


lf Shift Out (SO) is held HIGH while data is shifted into 
an empty FIFO (as occurs in depth cascading of FIFOs), 
data will propagate to the Data Output (DO) pins and 
Output Ready (OR) will pulse HIGH for a minimum time 
duration specified by tpor and then go back LOW again. 
The stored word will remain on the Data Output (DO) pins. 
If more words are written into the FIFO, they will line up 
behind the first word and not appear on the Data Output 
(DO) pins until Shift Out (SO) has returned LOW. 


Bubblethrough Condition 


When the FIFO is full, Shift Out (SO) action will initiate 
one of the following two sequences. 


If Shift In (SI) is LOW, Input Ready (IR) will go HIGH 
and stay HIGH until the next rising edge of Shift In (SI). 


If Shift In (S!) is held HIGH while data is shifted out of 
a full FIFO (as occurs in depth cascading of FIFOs), Input 
Ready (IR) will pulse HIGH for a minimum time duration 
specified by tpiR and then go back LOW again. Special 
Data Input (DI) setup and hold times (tsiR and tHir, 
respectively) are defined for this condition. 
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TIMING DIAGRAMS 


1/fo 


SHIFT IN a 


DATAIN AXA 


tssi 
toLaFE 


HF 


* NOTE: FIFO Contains 8 Words 


Figure 5. Data In Timing 


i/fo 


SHIFT OUT ooo | 


0 toHoR 


OUTPUT READY : eck 
ies toLor 


tsor 


DATA OUT (ACCA) CC 


HF 


toHAFE 


AFE 


** NOTE: FIFO Contains 9 Words 


Figure 6. Data Out Timing 
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TIMING DIAGRAMS (cont'd) 


SHIFT IN 


INPUT READY 


DATA IN 


HF 


*** NOTE: FIFO Contains 127 Words 





Figure 7. Data In Timing 


-~ toHoR 


toLor 


tuso tsor 


DATAOUT WAAAY 


toLHF 


AFE (LOW) 


**** NOTE: FIFO Contains 128 Words 





Figure 8. Data Out Timing 
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TIMING DIAGRAMS (cont’d) 


aanenenae — | 


~ — 
| a a 
INPUT READY \ een en ee 
tour 


DATA IN LAMA _ |X 


(HIGH) 


AFE 


| ***** NOTE: FIFO Contains 247 Words 





Figure 9. Datain Timing 


SHIFT OUT 


OUTPUT READY | _ 
toLor 


tor 


DATAOUT a CCC CCC 


toLare 


HF (HIGH) 





*eee** NOTE: FIFO Contains 248 Words 


Figure 10. Data Out Timing 
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TIMING DIAGRAMS (cont'd) 


SHIFT OUT 


SHIFT IN 


INPUT READY 


DATA IN 





Figure 11. Bubblethrough Timing (Reading a Full FIFO) 


SHIFT IN 


SHIFT OUT 


OUTPUT READY 


DATA OUT 





Figure 12. Fallthrough Timing (Writing an Empty FIFO) 
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TIMING DIAGRAMS (cont'd) 
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MASTER RESET 


INPUT READY 


OUTPUT READY 


SHIFT IN 


DATA OUT 


Figure 13. Master Reset Timing 
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TIMING DIAGRAMS (cont’d) 


EMPTY 


1 2 8 9 10 
SHIFT IN aaa PLL] 


127 128 129 247 248 249 256 FULL 


HF a 





Figure 14. Shifting Words In 


FULL 256 255 248 247 246 128 127 126 
SHIFT OUT 





Figure 15. Shifting Words Out 
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FIFO EXPANSION 


HF/AFE 


256 x 8/9 


COMPOSITE 
INPUT READY 


256 x 8/9 


SHIFT IN 


256 x 8/9 


256 x 8 / 256 x 9 FIFO 


HF/AFE 


SHIFT OUT 
lz 


256 x 8/9 
| COMPOSITE | 
OUTPUT READY 


256 x 8/9 


256 x 8/9 





Figure 16. 512 x 24/27 Configuration 
Using 256 x 8/9 (LH5485/95) FIFOs. 
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FIFO EXPANSION (cont’d) 


HF/AFE 


HF/AFE 
SHIFT IN 
INPUT READY 


256 x 8/9 


DATA IN 





OUTPUT READY 
SHIFT OUT 


256 x 8/9 
DATA OUT 


Figure 17. 512 x 8/9 Configuration 


FIFOs are expandable in depth and width. However, 
in forming wider words, external logic is required to 
generate composite Input and Output Ready flags. This 
is due to the variation of delays of the FIFOs. The example 
circuit in Figure 16 uses simple AND gates as the external 
IR and OR generators. More complex logic may be 
required if fallthrough and bubblethrough pulses are 
needed by the external system. 


FIFOs can easily cascaded to any desired depth as 
illustrated in Figure 17. The handshaking and associated 
timing between the FIFOs are handled by the inherent 
timing of the devices. 


NOTES: 


1. 


When the memory is empty the last word read will remain on the 
outputs until the master reset is strobed or a new data word bub- 
bles through to the output. However, OR will remain LOW, indi- 
cating data at the output is not valid. 

When the output data changes as a result of a pulse on SO, the 
OR signal always goes LOW before there is any change in out- 
put data and stays LOW until the new data has appeared on the 
outputs. Anytime OR is HIGH, there is valid stable data on the 
outputs. 

All SHARP FIFOs will cascade with other SHARP FIFOs of the 
same architecture (i.e., 64 x 8/9 with 64 x 8/9 or 64 x 8/9 with 
256 x 8/9). However, they may not cascade with FIFOs from 
other manufacturers. 
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ORDERING INFORMATION 


LH##HH 
Device Type Package 


25 Frequency (MHz) 
35 


D 28-pin, 300-mil DIP (DIP28-P-300) 
U 28-pin Plastic Leaded Chip Carrier (PLCC28-P-S450) 


5485 256 x 8 FIFO 
5495 256 x9 FIFO 


Examples: LH5485U-25 (256 x 8 FIFO, 28-pin PLCC, 25 MHz) 
LH5495U-35 (256 x 9 FIFO, 28-pin PLCC, 35 MHz) 
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FEATURES 


e Fast Access Times: 
15/20/25/35/50/65/80 ns 


e Full CMOS Dual Port Memory Array 

e Fully Asynchronous Read and Write 

e Expandable-in Width and Depth 

e Full, Half-Full, and Empty Status Flags 
e Read Retransmit Capability 

e TTL Compatible I/O 


e Packages: 
28-Pin, 300-mil PDIP, 
28-Pin, 600-mil PDIP or 
32-Pin PLCC 


e Pin and Functionally Compatible 
with IDT7201 


FUNCTIONAL DESCRIPTION 


The LH5496 is a dual port memory with internal 
addressing to implement a First-In, First-Out algorithm. 
Through an advanced dual port architecture, it provides 
fully asynchronous read/write operation. Empty, Full, and 
Half-Full status flags are provided to prevent data over- 
flow and underflow. In addition, internal logic provides for 
unlimited expansion in both word size and depth. 


Read and write operations automatically access 
sequential locations in memory in that data is read out in 
' the same order that it was written, that is on a First-in, 
First-Out basis. Since the address sequence is internally 
predefined, no external address information is required 
for the operation of this device. A ninth data bit is provided 
for parity or control information often needed in commu- 
nication applications. 


Empty, Full, and Half-Full status flags monitor the 
extent to which data has been written into the FIFO, and 
prevent improper operations (i.e., Read if the FIFO is 
empty, or Write if the FIFO is full). A retransmit feature 
resets the Read address pointer to its initial position, 
thereby allowing repetitive readout of the same data. 
Expansion In and Expansion Out pins implement an 
expansion scheme that allows individual FIFOs to be 
cascaded to greater depth without incurring additional 
latency (bubblethrough) delays. 


SHARP 


PIN CONNECTIONS 


28-PIN PDIP 


1 
2 
3 
4 
5 
6 
7 
8 
9 





Figure 1. Pin Connections for PDIP Package 


32-PIN PLCC 





Figure 2. Pin Connections for PLCC Package 
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DATA INPUTS 


WRITE 
CONTROL 


WRITE 
| POINTER | 


READ | 
CONTROL 


READ 
POINTER 


DATA OUTPUTS 
(Qo - Qa) 


} RESET 
EXPANSION 
LOGIC | 





PIN DESCRIPTIONS 


| CiESCRIPTION, 
Data Inputs 


Data Outputs 


Write Control | 


Read Control | 
Empty Flag 
Full Flag 







OC 














= ee 
Expansion Out, Half-Full Flag | 


ears 
[Voc | Positive Power Supply 
[Ves | Ground 
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ABSOLUTE MAXIMUM RATINGS ' 










| CCCSCSRATINGSC—i“‘(Cd” 

Supply Voltage to Vss Potential -O0.5Vto7V 
Signal Pin Voltage to Vss Potential : —0.5 V to Vcc + 0.5 V (not to exceed 7 V) 
DC Output Current 2 






Storage Temperature Range —65°C to 150°C 
Power Dissipation (Package Limit) 
DC Voltage Applied To Outputs In High-Z State —0.5 Vto Vcc + 0.5 V (not to exceed 7 V) 


NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a device stress rat- 
ing for transient conditions only. Functional operation at these or any other conditions above those indicated in the "Operating Range” of this 
specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability. 


2. Outputs should not be shorted for more than 30 seconds. No more than one output should be shorted at any time. 
3. Negative undershoots of 1.5 V in amplitude are permitted for up to 10 ns once per cycle. 






OPERATING RANGE 





NOTE: 


1. Negative undershoots of 1.5 V in amplitude are permitted for up to 10 ns once per cycle. 


DC ELECTRICAL CHARACTERISTICS (Over Operating Range) 
TEST CONDITIONS [| eoMIN- [| MAX | UNIT | 










Input Leakage Current | Voc = 5.5 V, Vin=0 V to Vcc 





Output Leakage Current | A2Vin,OVsVoursVcc | ~10_ 
|Vor_| OutputLowVottage | to =80mA | 
|toc___| Average Supply Current! | Measured atf=40MHz | 
| lcce | Average Standby Current! | Allinputs=Vin | 
loos] PowerDown Current’ | Allinputs=Voc-02V_ | 


NOTE: 
1. Icc, Icc2, and Icc3 are dependent upon actual output loading and cycle rates. Specified values are with outputs open. 






—_ —_- | os 
on oO | oO 
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AC TEST CONDITIONS 
| PARAMETER |RATING __ 


Input Pulse Levels Vss to3 V 
Input Rise and Fall Times (10% to 90%) | 5ns | 











Input Timing Reference Levels 
Output Reference Levels 
Output Load, Timing Tests 


CAPACITANCE 12 
[| PARAMETER ———isd|_~—séRACTINGsC| 


Cin MAX (Input Capacitance) 
Co MAX (Output Capacitance) 


NOTES: 
1. Sample tested only. 












CMOS 512 x 9 FIFO 


+5V 


1.1k OHMS 
DEVICE 
UNDER 
TEST 


680 OHMS 


* INCLUDES JIG & SCOPE CAPACITANCES 





Figure 4. Output Load Circuit 


2. Capacitances are maximum values at 25°C measured at 1.0MHz with Vin = 0 V. 
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AC ELECTRICAL CHARACTERISTICS ' (Over Operating Range) 


name [a= 16s [tue 20ne[W=25ne[t=s5ne[was0 ne [t= 65ne] we 6006 | 
| MIN |MAX| MIN |MAX| MIN |MAX| MIN |MAX| MIN [MAX] MIN [MAX] MIN | 


SYMBOL 


3 
a 


| tac __| ReadCycleTime _—S—_—si| 25 | - | 30| - | 35| - | 45 | - | 65| - | 80] - |100| — | ns | 
(ta _| AccessTime =——(s——<COs—és~ds« «dt | - ‘| 20 | - | 25 | - [| 35] - | 50] - | 65 | - | 80 | ns | 
| tan __| ReadRecoverTime —S—=—| 10 | - | 10] - | 10] - | 10] - | 15| - [15] - | 15| - | ns | 
[tapw | ReadPulseWidth? =| 15 | - | 20 | - | 25| - | 35| - | s0| - | es | - | 80| - [ ns | 
| teuz__| DataBus Active fromReadLow? | 5 | -|5/-|5|-|s5|-]|s5 |-| 5] -|10| - [| ns | 
SEOeCeCeqeoeciecs 

tov Data Valid from Read PulseHigh | 5 | - | 5|- |5{/-|]5/-|5|-|5]-| 5 | - | ns_ 
| taHz __|_Data Bus High-Z from Read High ®| - | 15 | - | 15| - | 15| - [15 {| - | 20] - | 30| — | 30 | ns | 


= 
x 
=| 
m 
©) 
«< 
© 
i 
m 
= 
= 
= 
q) 


Write Cycle Time 
Write Pulse Width 2 
Write Recovery Time 
Data Setup Time 

ata Hold Time 


= 
QO 
= 
a 
o;o 
_ 
oi 
— 
oa 


| trsc___| ResetCycleTime | 25: | — | 30] ~ | 35] - | 45 | ~ | 65 | - | 80| ~ | 100] ~ | ns_ 
|tas___| ResetPulsewidth? | 15. | - | 20| - | 25| - | 35 | - | 50| ~ | 65| - | 80] ~ | ns_ 
| trsa__| ResetRecoveryTime | 10 | ~ | 10 | ~ | 10 | ~ | 10} - | 15} - [15] - | 15] - | ns | 

tarc__| RetransmitCycleTime | 25 | ~ | 30 | - | 35 | - | 45 | - | 65| - | 80| - |100] - | ns_ 
[ter __| RetransmitPulse Width? | 15 | - | 20 | - | 25 | - | 35 | - | 50| - | 65 | ~ | 80] - | ns | 
| tara___| Retransmit Recovery Time | 10 | - | 10 | - | 10 | - | 10] - | 15 | - | 15] - | 15] - | os | 
| tarss | ReadHightoRSHigh | 15 | - | 20 | - | 25 | - | 35| - | 50} - | @5| - | a0} ~ | as | 
| twess | WriteHightoRSHigh | 15 | - | 20] - | 25] - | 35] - | 50] - | 65] - | 80} - | ns | 
[ter._ | ResettoEmptyFlagtow | ~ | 25 | - | 30| - | a5 | - | 45 | - | 65 | — | 80 | — | 100] ns | 
| turtuerH | Reset to Half &FullFlagHigh | - | 25 | - | 30 | - | 35 | - | 45 | ~ | 65] - | 80| - | 100 ns | 
| taer___| Read LowtoEmptyFlagLow | - | 20 | - | 25| - | 25 | - | 35| - | 45| ~ | 60| - | 60 | ns_ 
| tree | ReadHightoFullFlagHigh | - | 20| ~ | 25 | ~ | 25| - | 35 | ~ | 45| - | 60| - | 60 | ns | 
| twer __|_Write High to Empty FlagHigh__ | - | 20 | - | 25| - | 25| - | 35 | - | 45| ~ | 60| — | 60 | ns | 
| twer | WriteLowtoFullFlagLow | ~ | 20| - | 25 | ~ | 25 | ~ | 35 | - | 45 | - | 60| ~ | 60 | ns | 
| twur | Write Low to Halt-Full FlagLow | - | 25 | - | 30| - | 35 | - | 45 | - | 65| - | 80| - | 100] ns | 
[true | Read High to Half-Full Flag High_| - | 25 | - | 30| - | 35 | - | 45 - [65] - | 80] - | 100] ns_ 
| txo.___| Expansion OutLow | ~ | 18 | ~ | 20] - | 25| - | 35 | - | 50] - | 65| - | 80 | ns | 
| txon___| Expansion OutHigh | = | 18 | - | 20] - | 25 | - | 35 | - | 50| - | 65] - | 80 | ns_ 
| txi | Expansion In Pulse Width | 15 | - | 20 | ~ [25 | - | 35| - | 50| - | 65 | - | 80} - | ns | 
| tin __| Expansion InRecovery Time | 10 | - | 10 | - | 10 | - | 10] - | 10] - | 10] - | 10] - | ns | 
| txis | Expansion inSetupTime | 7 | - | 10] - | 10] ~ | 15] - | 15{ - | 15] - [15] — | ns | 
NOTES: 


earth, 


. All timing measurements performed at "AC Test Condition” levels. 
. Pulse widths less than minimum value are not allowed. 

. Values guaranteed by design not currently tested. 

. Only applies to read data flow-through mode. 


& © MY 
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OPERATIONAL DESCRIPTION 


Reset 


The Device is reset whenever the RESET pin (RS) is 
taken to a low state. The reset operation initializes both 
the read and write address pointers to the first memory 
location. The XI and FL pins are also sampled at this time 
to determine whether the device is in SINGLE mode or 
DEPTH EXPANSION mode. A reset pulse is required 
when the device is first powered up. The READ (R) and 
WRITE (W) pins may be in any state when reset is 
initiated, but must be brought to a high state thew and 
twpw before the rising edge of RS. 


Write 


A write cycle is initiated on the falling edge of the 
WRITE (W) pin. Data setup and hold times must be 
observed on the data in (Do — Dg) pins. Awrite operation 
is only possible if the FIFO is not full, (i.e. the FULL flag 
pin is HIGH). Writes may occur independently of any 
ongoing read opertations. | 


At the falling edge of the first write after the memory is 
half filled, the HALF flag will be asserted (HF = LOW) and 
will remain asserted until the difference between the write 
pointer and read pointer indicates that the remaining data 
in the device is less than or equal to one half the total 
capacity of the FIFO. The HALF flag is deasserted 
(HF = HIGH) by the appropriate rising edge of R. 


The FULL flag is asserted (FF = LOW) at the falling 
edge of the write operation which fills the last available 
location in the FIFO memory array. The FULL flag will 
inhibit further writes until cleared by a valid read. The 
FULL flag is deasserted (FF = HIGH) after the next rising 
edge of R releases another memory location. 


Read 
Aread cycle is initiated on the falling edge of the READ 


(R) pin. Read data becomes valid on the data out (Qo-Qs) 
pins after atime ta from the falling edge of R. After R goes 
high, the data out pins return to a high-impedance state. 
Reads may occur independent of any ongoing write 
operations. Aread is only possible if the FIFO is not empty 


(EF = HIGH). 


The internal read and write address pointers are main- 
tained by the device such that consecutive read opera- 
tions will access data in the same order as it was written. 
The EMPTY flag is asserted (EF = LOW) after the falling 
edge of R which accesses the last available data in the 
FIFO memory. EF is deasserted (EF = HIGH) after the 
next rising edge of W loads another word of valid data. 


Data Flow-Through 


Read flow-through mode occurs when the READ (R) 
pin is brought low while the FIFO is empty, and held LOW 
in anticipation of a write cycle. At the end of the next write 
cycle, the EMPTY flag will be momentarily deasserted, 
and the data just written will become available on the data 
out pins after a maximum time of twer + ta. Additional 
writes may occur while the R pin remains low, but only 
data from the first write flows through to the outputs. 
Additional data, if any, can only be accessed by toggling 
R. 


Write flow-through mode occurs when the WRITE (W) 
pin is brought low while the FIFO is full, and held low in 
anticipation of a read cycle. At the end of the read cycle, 
the FULL flag will be momentarily deasserted, but then 
immediately reasserted in response to W held low. Data 
is written into the FIFO on the rising edge of W which may 
occur tRFF + twew after the read. 


Retransmit 


The FIFO can be made to reread previously read data 
through the retransmit function. Retransmit is initiated by 
pulsing RT low. This resets the internal read address 
pointer to the first physical location in the memory while 
leaving the internal write address pointer unchanged. 
Data between the read and write pointers may be reac- 
cessed by subsequent reads. Both R and W must be 
inactive (HIGH) during the retransmit pulse. Retransmit 
is useful if no more than 512 writes are performed be- 
tween resets. Retransmit may affect the status of EF, HF 
and FF flags, depending on the relocation of the read 
pointer. This function is not available in depth expansion 
mode. 
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Figure 6. Full Flag from Last Write to First Read 
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TIMING DIAGRAMS (cont'd) 
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Figure 7. Empty Flag from Last Read to First Write 
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Figure 8. Read Data Flow-Through 
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TIMING DIAGRAMS (cont'd) 
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ta 
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1. twer = twew 
2. twee: Effective Write Pulse Width after Full Flag HIGH. 





Figure 9. Write Data Flow-Through 


tape 


| NOTES: 
| 1. tape = trew 
2. tape: Effective Read Pulse Width after Empty Flag HIGH. 





Figure 10. Empty Flag Timing 
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TIMING DIAGRAMS (cont'd) 


twee 


NOTES: 


1. twee = twew 
2. twer: Effective Write Pulse Width after Full Flag HIGH. 





Figure 11. Full Flag Timing 
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Figure 12. Half-Full Flag Timing 





Figure 13. Retransmit Timing 
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Figure 14. Reset Timing 
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Figure 15. Expansion Out Timing 
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TIMING DIAGRAMS (cont'd) 
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Figure 16. Expansion In Timing 
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OPERATIONAL MODES 


Single Device Configuration 


When depth expansion is not required for the given 
application, the device is placed in SINGLE mode by tying 
the EXPANSION IN pin (XI) to ground. This pin is inter- 
nally sampled during reset. 





Width Expansion 


Word width expansion is implemented by placing mul- 
tiple devices in parallel. Each device should be configured 
for SINGLE mode. In this arrangement, the behavior of 
the status flags will be identical for all devices, so these 
flags may be derived from any one device. 


READ 


DATA OUT 
(Qo - Qg) 


EMPTY FLAG 


RETRANSMIT 


Figure 17. Single FIFO (512 x 9) 
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FULL FLAG 
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READ 


EMPTY FLAG 
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Figure 18. FIFO Width Expansion (512 x 18) 
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OPERATIONAL MODES (cont'd) W and R signals are shared by all devices, while internal 
logic controls the steering of data. Only one FIFO will be 
Depth Expansion enabled for any given read cycle, so the common Data 


Depth expansion is implemented by configuring the Out pins of all devices are wire-ORed together. Likewise, 
required number of FIFOs in EXPANSION mode. in this the common Data In pins of all devices are tied together. 


arrangement, the FIFOs are connected in a circular fash- 5 : 

ion with the EXPANSION OUT pin (XO) of each device sei be th ep etc ce 

tied to the EXPANSION IN pin (XI) of the next device. Oehetale e COmmoone oo Empty ag. This a acneved 
Sots ; by ORing the FF pins of all devices and ORing the EF 

One FIFO in this group must be designated as the first ine. Gf all. devicas veccoctively: The. HALE fad and 

load device. This is accomplished by tying the FIRST = Pe" aN cuarr functions are net available in DEPTH 

LOAD pin (FL) of this device to ground. All other devices EXPANSION mode 

must have their FL pin tied to a high level. In this mode, ; 


: an 
: FFI 





Figure 19. FIFO Depth Expansion (1536 x 9) 
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OPERATIONAL MODES (cont'd) 


Compound Expansion 


A combination of width and depth expansion can be 
easily implemented by operating groups of depth 
expanded FIFOs in parallel. 


Bidirectional Operation 


Applications which require bidirectional data buffering 
between two systems can be realized by operating 


LH5496 


DEPTH EXPANSION 
BLOCK 





LH5496 devices in parallel but opposite directions. The 
Data In pins of a device may be tied to the corresponding 
Data Out pins of another device operating in the opposite 
direction to form a single bidirectional bus interface. Care 
must be taken to assure that the appropriate read, write 
and flag signals are routed to each system. Both depth 
and width expansion may be used in this configuration. 


LH5496 LHS496 
DEPTH EXPANSION 
BLOCK 


DEPTH EXPANSION 
BLOCK 


Figure 20. Compound FIFO Expansion 
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Figure 21. Bidirectional FIFO Buffer 
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ORDERING INFORMATION 


LH5496 X 
Device Type Package 


Example: LH5496U-25 (CMOS 512 x 9 FIFO, 32-pin PLCC, 25 ns) 
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Access Time (ns) 


Blank 28-pin, 600-mil Plastic DIP 
D 28-pin, 300-mil Plastic DIP 
U 32-pin Plastic Leaded Chip Carrier 


CMOS 512 x 9 FIFO 
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FEATURES 


e Fast Access Times: 
15/20/25/35/50/65/80 ns 


e Full CMOS Dual Port Memory Array 

e Fully Asynchronous Read and Write 

e Expandable in Width and Depth 

e Full, Half-Full, and Empty Status Flags 
e Read Retransmit Capability 

e TTL Compatible I/O 


e Packages: 
28-Pin, 300-mil DIP, 
28-Pin, 600-mil DIP or 
32-Pin PLCC 


e Pin and Functionally Compatible 
with IDT7202 


FUNCTIONAL DESCRIPTION 


The LH5497 is a dual port memory with internal ad- 
dressing to implement a First-In, First-Out algorithm. 
Through an advanced dual port architecture, it provides 
fully asynchronous read/write operation. Empty, Full, and 
Half-Full status flags are provided to prevent data over- 
flow and underflow. In addition, internal logic is provided 
for unlimited expansion in both word size and depth. 


Read and Write operations automatically access se- 
quential locations in memory in such a way that data is 
read out in the same order that it was written, that is ona 
First-In, First-Out basis. Since the address sequence is 
internally predefined, no external address information is 
required for the operation of this device. A ninth data bit 
is provided for parity or control information often needed 
in communication applications. 


Empty, Full, and Half-Full status flags monitor the 
extent to which data has been written into the FIFO, and 
prevent improper operations (i.e. Read if the FIFO is 
empty, or Write if the FIFO is full). A retransmit feature 
resets the Read address pointer to its initial position, 
thereby allowing repetitive readout of the same data. 
Expansion In and Expansion Out pins implement an 
expansion scheme that allows individual FIFOs to be 
cascaded to greater depth without incurring additional 
latency (bubblethrough) delays. 
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Figure 1. Pin Connections for DIP Package 


32-PIN PLCC 





Figure 2. Pin Connections for PLCC Package 
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CONTROL 
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EXPANSION 


PIN DESCRIPTIONS 
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| CCTCCCCéDESCRIPTION, 


Full Flag | 
Expansion Out, Half-Full Flag 
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ABSOLUTE MAXIMUM RATINGS * 


Supply Voltage to Vss Potential 


| CRATING 
Signal Pin Voltage to Vss Potential ? —0.5 V to Vcc + 0.5 V (not to exceed 7 V) 
DC Output Current ? 








Storage Temperature Range —65°C to 150°C 
Power Dissipation (Package Limit) 
DC Voltage Applied to Outputs in High-Z State 


NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating for 
transient conditions only. Functional operation of the device at these or any other conditions above those indicated in the "Operating Range” 
of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability. 

2. Outputs should not be shorted for more than 30 seconds. No more than one output should be shorted at any time. 

3. Negative undershoots of 1.5 V in amplitude are permitted for up to 10 ns once per cycle. 





OPERATING RANGE 
[sYMBoL | PARAMETER _|_=MIN | MAX _|_UNIT_ 


|Ta___| Temperature, Ambient | 0 

| Voc | Supplyvotage | 45 | 55 

[vss | SuppyVotage | 0 | 0 | OV 
/-05 | 08 
2.0 











Logic “0” Input Voltage! 
ViH 


NOTE: 
1. Negative undershoots of 1.5 V in amplitude are permitted for up to 10 ns once per cycle. 





Logic “1” Input Voltage 





DC ELECTRICAL CHARACTERISTICS (Over Operating Range) 
| symBo. | __—SsPARAMETER | ——SSTESTCONDITIONS ~—|_- MIN | MAX | UNIT | 


Input Leakage Current Vcc = 5.5 V, Vin = 0 V to Vcc 
Output Leakage Current R > Vin, 0 VV < Vout < Vcc 






R> Vin eis 
|Vou | OutputHighVotage | lon=-2.0mA_ | 24 
|Vor | Outputtowvottage | lou=80mA | 
[loc | Average Supply Current ' | Measured atf=40MHz | — 
| loce | Average Standby Current’ | Allinputs=Viw | 
[loos | PowerDown Current! | Allinputs=Voo-0.2v | —_ 


NOTE: 
1. Icc, lcc2, and Icc3 are dependent upon actual output loading and cycle rates. Specified values are with outputs open. 
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AC TEST CONDITIONS 


| Input Rise and Fall Times 5 ns 
(10% to 90%) 


| Input Timing Reference Levels 
Output Reference Levels meee 
Output Load, Timing Tests | Figure4 | 


CAPACITANCE 12 
ae ae ee 


NOTES: 
1. Sample tested only. 



















CMOS 1K x 9 FIFO 


+5 V 


1.1K OHMS 


DEVICE 
UNDER 
TEST 
680 OHMS 


* INCLUDES JIG AND SCOPE CAPACITANCES 


Figure 4. Output Load Circuit 


2. Capacitances are maximum values at 25°C measured at 1.0MHz with Vin = 0 V. 
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AC ELECTRICAL CHARACTERISTICS © (Over Operating Range) 
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Retransmit Cycle Time 
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Expansion In Pulse Width 


tXIR 
txis 
NOTES: 
. All timing measurements performed at “AC Test Condition” levels. 
. Pulse widths less than minimum value are not allowed. 
. Values guaranteed by design not currently tested. 
. Only applies to read data flow-through mode. 
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OPERATIONAL DESCRIPTION 


Reset 


The Device is reset whenever the RESET pin (RS) is 
taken to a low state. The reset operation initializes both 
the read and write address pointers to the first memory 
location. The XI and FL pins are also sampled at this time 
to determine whether the device is in SINGLE mode or 
DEPTH EXPANSION mode. A reset pulse is required 
when the device is first powered up. The READ (R) and 
WRITE (W) pins may be in any state when reset is 
initiated, but must be brought to a high state trew and 
twpw before the rising edge of RS. 


Write 


A write cycle is initiated on the falling edge of the 
WRITE (W) pin. Data setup and hold times must be 
observed on the data in (Do — Dg) pins. A write operation 
is only possible if the FIFO is not full, (i.e. the FULL flag 
pin is HIGH). Writes may occur independently of any 
ongoing read operations. 


At the falling edge of the first write after the memory is 
half filled, the HALF flag will be asserted (HF = LOW) and 
will remain asserted until the difference between the write 
pointer and read pointer indicates that the remaining data 
in the device is less than or equal to one half the total 
capacity of the FIFO. The HALF flag is deasserted 
(HF = HIGH) by the appropriate rising edge of R. 


The FULL flag is asserted (FF = LOW) at the falling 
edge of the write operation which fills the last available 
location in the FIFO memory array. The FULL flag will 
inhibit further writes until cleared by a valid read. The 
FULL flag is deasserted (FF = HIGH) after the next rising 
edge of R releases another memory location. 


Read 


__Aread cycle is initiated on the falling edge of the READ 

(R) pin. Read data becomes valid onthe data out (Qo—-Qs) 
pins after a time ta from the falling edge of R. After R goes 
HIGH, the data out pins return to a high-impedance state. 
Reads may occur independent of any ongoing write 
operations. Aread is only possible if the FIFO is not empty 
(EF = HIGH). 


7-52 


The internal read and write address pointers are main- 
tained by the device such that consecutive read opera- 
tions will access data in the same order as it was written. 
The EMPTY flag is asserted (EF = LOW) after the falling 
edge of R which accesses the last available data in the 
FIFO memory. EF is deasserted (EF = HIGH) after the 
next rising edge of W loads another word of valid data. 


Data Flow-Through 


Read flow-through mode occurs when the READ (R) 
pin is brought LOW while the FIFO is empty, and held 
LOW in anticipation of a write cycle. At the end of the next 
write cycle, the EMPTY flag will be momentarily 
deasserted, and the data just written will become avail- 
able on the data out pins after a maximum time of 
tweF + ta. Additional writes may occur while the R pin 
remains low, but only data from the first write flows 
through to the outputs. Additional data, if any, can only be 
accessed by toggling R. 


Write flow-through mode occurs when the WRITE (W) 
pin is brought LOW while the FIFO is full, and held LOW 
in anticipation of a read cycle. At the end of the read cycle, 
the FULL flag will be momentarily deasserted, but then 
immediately reasserted in response to W held LOW. Data 
is written into the FIFO on the rising edge of W which may 
occur tRFF + twew after the read. 


Retransmit 


The FIFO can be made to reread previously read data 
through the retransmit function. Retransmit is initiated by 
pulsing RT low. This resets the internal read address 
pointer to the first physical location in the memory while 
leaving the internal write address pointer unchanged. 
Data between the read and write pointers may be 
reaccessed by subsequent reads. Both R and W must be 
inactive (HIGH) during the retransmit pulse. Retransmit 
is useful if no more than 1024 writes are performed 
between resets. Retransmit may affect the status of EF, 
HF and FF flags, depending on the relocation of the read 
pointer. This function is not available in depth expansion 
mode. 
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TIMING DIAGRAMS 
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Figure 6. Full Flag from Last Write to First Read 
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TIMING DIAGRAMS (cont’d) 
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Figure 7. Empty Flag from Last Read to First Write 
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NOTES: 


1. tape = trew 
2. tape : Effective Read Pulse Width after Empty Flag HIGH. 





Figure 8. Read Data Flow-Through 
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TIMING DIAGRAMS (cont’d) 
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NOTES: 


1. twer = twew 
2. twpr: Effective Write Pulse Width after Full Flag HIGH. 





Figure 9. Write Data Flow-Through 
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NOTES: 
1. tape = trew 
2. tape : Effective Read Pulse Width after Empty Flag HIGH. 





Figure 10. Empty Flag Timing 
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TIMING DIAGRAMS (cont’d) 
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1. twer = twew 
2. twor: Effective Write Pulse Width after Full Flag HIGH. 





Figure 11. Full Flag Timing 
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Figure 12. Half-Full Flag Timing 
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NOTES: 
1. tatc = tar + tatr 


2. EF, HF and FF may change state during retransmit, but flags will be valid at tarc i va 


Figure 13. Retransmit Timing 
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TIMING DIAGRAMS (cont’d) 
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Figure 14. Reset Timing 
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Figure 15. Expansion Out Timing 
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TIMING DIAGRAMS (cont'd) 
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Figure 16. Expansion In Timing 
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OPERATIONAL MODES 


Single Device Configuration 


When depth expansion is not required for the given 
application, the device is placed in SINGLE mode by tying 
the EXPANSION IN pin (XI) to ground. This pin is inter- 
nally sampled during reset. 


WRITE 


DATA IN 
(Dp - Dg) 


FULL FLAG 





Width Expansion 


Word width expansion is implemented by placing mul- 
tiple devices in parallel. Each device should be configured 
for SINGLE mode. In this arrangement, the behavior of 
the status flags will be identical for all devices, so these 
flags may be derived from any one device. 


READ 


DATA OUT 
(Qo - Qa) 


EMPTY FLAG 


RETRANSMIT 


Figure 17. Single FIFO (1K x 9) 


DATA IN 18 


WRITE 
FULL FLAG 


RESET 





READ 
EMPTY FLAG 


RETRANSMIT 


DATA OUT 


Figure 18. FIFO Width Expansion (1K x 18) 


SHARP 


7-59 


LH5497 


CMOS 1K x 9 FIFO 





OPERATIONAL MODES (cont’d) 
Depth Expansion 


Depth expansion is implemented by configuring the 
required number of FIFOs in EXPANSION mode. In this 
arrangement, the FIFOs are connected in a circular fash- 
ion with the EXPANSION OUT pin (XO) of each device 
tied to the EXPANSION IN pin (XI) of the next device. One 
FIFO in this group must be designated as the first load 
device. This is accomplished by tying the FIRST LOAD 
pin (FL) of this device to ground. All other devices must 
have their FL pin tied to a high level. In this mode, W and 


W 


DATA IN 


R signals are shared by all devices, while internal logic 
controls the steering of data. Only one FIFO will be 
enabled for any given read cycle, so the common Data 
Out pins of all devices are wire-ORed together. Likewise, 
the common Data In pins of all devices are tied together. 


In EXPANSION mode, external logic is required to 
generate a composite Full or Empty flag. This is achieved 
by ORing the FF pins of all devices and ORing the EF 
pins of all devices respectively. The HALF flag and RE- 
TRANSMIT functions are not available in DEPTH EX- 
PANSION mode. 





Figure 19. FIFO Depth Expansion (3072 x 9) 
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OPERATIONAL MODES (cont’d) 


Compound Expansion 


A combination of width and depth expansion can be 
easily implemented by operating groups of depth ex- 
panded FIFOs in parallel. 


Bidirectional Operation 


Applications which require bidirectional data buffering 
between two systems can be realized by operating 


LH5497 


DEPTH EXPANSION 
BLOCK 


DATA IN 


LH5497 
DEPTH EXPANSION 
BLOCK 





LH5497 devices in parallel but opposite directions. The 
Data In pins of a device may be tied to the corresponding 
Data Out pins of another device operating in the opposite 
direction to form a single bidirectional bus interface. Care 
must be taken to assure that the appropriate read, write 
and flag signals are routed to each system. Both depth 
and width expansion may be used in this configuration. 


LH5497 
DEPTH EXPANSION 
BLOCK 


Figure 20. Compound FIFO 
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Figure 21. 





Bidirectional FIFO 
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ORDERING INFORMATION 


LH5497 x - tif 3 
Device Type Package Speed 25 


35 Access Time (ns) 
50 








65 
80 


Blank 28-pin, 600-mil DIP 
D 28-pin, 300-mil DIP 
U 32-pin Plastic Leaded Chip Carrier 


CMOS 1K x 9 FIFO 


Example: LH5497U-25 (CMOS 1K x 9 FIFO, 32-pin PLCC, 25 ns) 
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FEATURES 


e Fast Access Times: 15/20/25/35/50/ 
65/80 ns 


e Full CMOS Dual Port Memory Array 

e Fully Asynchronous Read and Write 

e Expandable in Width and Depth 

e Full, Half-Full, and Empty Status Flags 
e Read Retransmit Capability 

e TTL Compatible I/O 


e Packages: 
28-Pin, 300-mil DIP, 
28-Pin, 600-mil DIP or 
32-Pin PLCC 


e Pin and Functionally Compatible 
with IDT7203 


FUNCTIONAL DESCRIPTION 


The LH5498 is a dual port memory with internal 
addressing to implement a First-In, First-Out algorithm. 
Through an advanced dual port architecture, it provides 
fully asynchronous read/write operation. Empty, Full, and 
Half-Full status flags are provided to prevent data over- 
flow and underflow. In addition, internal logic is provided 
for unlimited expansion in both word size and depth. 


Read and Write operations automatically access 
sequential locations in memory in such a way that data is 
read out in the same order that it was written, that is ona 
First-In, First-Out basis. Since the address sequence is 
internally predefined, no external address information is 
required for the operation of this device. A ninth data bit 
is provided for parity or control information often needed 
in communication applications. 


Empty, Full, and Half-Full status flags monitor the 
extent to which data has been written into the FIFO, and 
prevent improper operations (i.e. Read if the FIFO is 
empty, or Write if the FIFO is full). A retransmit feature 
resets the Read address pointer to its initial position, 
thereby allowing repetitive readout of the same data. 
Expansion In and Expansion Out pins implement an 
expansion scheme that allows individual FIFOs to be 
cascaded to greater depth without incurring additional 
latency (bubblethrough) delays. 


SHARP 


PIN CONNECTIONS 


32-PIN PDIP 





Figure 1. Pin Connections for DIP Package 


32-PIN PLCC 





Figure 2. Pin Connections for PLCC Package 
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DATA INPUTS 


WRITE | | READ 
CONTROL CONTROL 
: WRITE | READ 
POINTER POINTER 


DATA OUTPUTS 
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RESET 
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PIN DESCRIPTIONS 


DESCRIPTION 


— Ds Data Inputs 
— Qs Data Outputs 
E 





DESCRIPTION 





PIN 
Expansion Out, Half-Full Flag 
Xi | Expansionin = 


Empty Flag 


S Rest 
Positive Power Supply 





F Full Flag 
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ABSOLUTE MAXIMUM RATINGS | 






| RATINGS ess 
Supply Voltage to Vss Potential -0.5Vto7V 
Signal Pin Voltage to Vss Potential ° —0.5 V to Vcc + 0.5 V (not to exceed 7 V) 
DC Output Current 2 













Storage Temperature Range —65°C to 150°C 
Power Dissipation (Package Limit) 
DC Voltage Applied to Outputs In High-Z State 


NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating for 
transient conditions only. Functional operation of the device at these or any conditions other than those indicated in the "Operating Range” of 
this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability. 


2. Outputs should not be shorted for more than 30 seconds. No more than one output should be shorted at any time. 
3. Negative undershoots of 1.5 V in amplitude are permitted for up to 10 ns once per cycle. 


OPERATING RANGE 


Logic “O” Input Voltage! 


VIH Logic “1” Input Voltage 


NOTE: 
1. Negative undershoots of 1.5 V in amplitude are permitted for up to 10 ns once per cycle. 





DC ELECTRICAL CHARACTERISTICS (OVER OPERATING RANGE) 
| SyMBOL | ___PARAMETER _i|_—_—_——TESTCONDITIONS _|_-MIN_| MAX | _UNIT_ 


Voc=55V,VIN=OVI0Voc | -10 | 10 
to ___| OutputLeakage Current | R2Vi0V<VoursVec | -10 | 10 
VOH 
VOL 
Icc 














24 
|Vor__| Outputtowvotage | lou=80mA | 
loc | Average Supply Current’ | Measured atf=40MHz | 
tooo 
| tcos__| PowerDown Curent’ | Allinputs=Voc-0.2V 


NOTE: 
1. Icc, Icc2, and Icc3 are dependent upon actual output loading and cycle rates. Specified values are with outputs open. 


| Vou | Output High Voltage 
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AC TEST CONDITIONS 
| PARAMETER |RATING _| 


Input Rise and Falll Times (10% to 90%) 


CAPACITANCE *2 
ee ee 


NOTES: 

1. Sample tested only. 

2. Capacitances are maximum values at 25°C measured at 1.0MHz 
with Vin = 0 V. 
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+5 V 


1.1k OHMS 


DEVICE 
UNDER 
TEST 
680 OHMS 


* INCLUDES JIG & SCOPE CAPACITANCES 


Figure 4. Output Load Circuit 
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AC ELECTRICAL CHARACTERISTICS ! (Over Operating Range) 


SYMBOL PARAMETER [ta=15ns | ta=20ns | ta=25ns | ta=35ns | t= 50ns | ta=65ns | ta=80n8 | 
| MIN |MAX| MIN |MAX| MIN |MAX| MIN |MAX|MIN |MAX| MIN |MAX| MIN |MAX| 


E 


[tac | ReadCycleTime | 25 | - | 30 | ~ | 35 | - | 45 | - | @5 | - | 80 | - | 100] - | ns | 
ft | AccessTime | - | 15 | - | 20] - | 25 | - | 35 | - | 50] - | 65 | - | a0] os | 
[tan___| ReadRecoverTime | 10. | - | 10 | - | 10] ~ | 10] ~ | 15 | - | 15 | - | 15 | - | ns | 
[tapw | ReadPulse Width? | 15 | - | 20 | - | 25 | - | 35 | - | 50| - | 65 | ~ | 80| - | ns | 
[tz | DataBusActivetromReadtow® | 5 | - | 5 | - | 5 {| -| 5 |-| 5 {-| 5 | ~ | 10] - | ns | 
[tmz | Data Bus Active from Write High °* | 10 | - | 10 | - | 10 | ~ | 10] - | to | - | 10 | - | 20| - | ns | 
[tov ___| Data Valid from Read PulseHigh_ | 5 | - | 5 | - | 5 |-|5|-|5{-|5 |-]| 5 | -| ns | 

tawz | Data Bus High-ZtromReadHigh® | - | 15 | - | 15 | - | 15 | ~ | 15| - | 20} - | 30] - | 30] ns 


= 
a 
— 
m 
'z) 
-< 
2) 
™ 
m 
= 
= 
= 
©) 


[twe | Write CycleTime | 25 | - | 30 | - | 35 | ~ | 45] - | 5 | - | 80 | - | 100] - | ns | 
twew _|_Write Pulse Width ? }15 | - | 20] - | 25 | - | 95} - | 50{ - | 5] - | ao} - | ns 
Write Recovery Time jto| - | 10 | - | to{ - | 10] - | 15 { - | 15 | - | 15] - | ns | 
es __} baeSeupTing 18a) Ot a ee a ee) at 
[ton | DataHoldTime LO] - fF Of -fol-j}oj-~jol{-}s }- [sj - 
RESET TIMING 
[tasc | ResetCycleTime | 25 | - | 30 | - | 35 | ~ | 45 | - | @5 | - | 80 | - | 100] - | ns | 
[tas | Reset Pulse width? | 15 | - | 20 | - | 25 | - | 35] - | 50| - | 65 | - | 80 | - | ns | 
|tasa___| ResetRecoveryTime | 10 | - | to | - | 10 | ~ | 10] - | 15] - | 15 | - | 15 | - | ns | 
[tanss | ReadHightoRSHigh | 15 | ~ | 20 | - | 25 | - | 35 | - | 50 | - | 65 | - | 80 | - | ns | 
[twass | WrteHightoRSHigh | 15 | - | 20 | - | 25 | ~ | 35] - | 50] - | 65} ~ | 80} - | ns | 
RETRANSMIT TIMING 
taro | RetransmitCycle Time | 25 | ~ | 30 | ~ | 95 | - | 45 | - | 65 | ~ | 80 | - [100] - | ns | 
_tar___| Retransmit Pulse width? | 15 | - | 20| - | 25 | - | 35 | - | 50| - | 65] - | a0] - | ns 
[tera | RetransmitRecoveryTime | 10 | - | 10 | ~ | to] ~ | 10] ~ | 15] - | 15] - | 15] - | ns | 


[| ter. | ResettoEmptyFlagLow | ~ ‘| 25 | ~ | 30 - | 35 | ~ | 45 | - | 65] - | 80] - | 100] ns 
[turner | ResettoHalf&FullFlagHigh | - | 25 | - | 30 | - | 35 | ~ | 45 | - | 65 | - | 80 | ~ |100] ns_ 
[tner | ReadLowtoEmptyFlaglow | - | 20| - | 25 | - | 25| - | 35| - | 45| - | 60 | - | 60| ns | 
Liner | ReadHightoFullFlagHigh | - | 20 | - | 25 | - | 25] - | 35 | - | 45 | - | 60 | - | 60| ns | 
| twer | Write Highto Empty FlagHigh | - | 20 | - | 25 | - | 25| - | 35| - | 45| - | 60 | - | 60| ns | 
[twee | WriteLowtoFullFlagLow | - | 20| - | 25 | - | 25 | ~ | 35| - | 45| - | 60 | - | 60| ns_ 
| twur | Write LowtoHalf-FullFlagLow | - | 25 | - | 30 | - | 35 | - | 45 | - | 65 | - | a0 | - | 100| ns | 
[true | Read HightoHatt-Full FlagHigh__| - | 25 | - | 30] - | 35] - | 45] - | 65] - | 80 | ~ | 100] ns | 
| EXPANSION TIMING 
| ton | ExpansionOutLow | = ‘| 18 | - | 20| - | 25 | - | 35| - | 50 - | @5| - | a0} ns 
| tron | Expansion OutHigh | ~ | 18 | - | 20 | - | 25 | - | 95 | - | 50] - | 65 | - | 80| ns | 
[tx | Expansion nPulse with | 15 | - | 20 | ~ | 25 | - | 35 | ~ | 50| - | 65 | - | 80| - | ns | 
| tin | Expansion In Recovery Time | 10 | ~ | 10 | ~ | t0 | - | 10 | ~ | 10 | - | 10] - | 10} - | ns | 
tis___| Expansion InSetupTime | 7 | ~ | 10 | ~ | 10 | ~ | 15} ~ | 15] - | 15] - | 15] - | ns 
NOTES: 


woody, 


. All timing measurements performed at "AC Test Condition” levels. 
. Pulse widths less than minimum value are not allowed. 

. Values guaranteed by design not currently tested. 

. Only applies to read data flow-through mode. 
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OPERATIONAL DESCRIPTION 


Reset 


The Device is reset whenever the RESET pin (RS) is 
taken to a low state. The reset operation initializes both 
the read and write address pointers to the first memory 
location. The XI and FL pins are also sampled at this time 
to determine whether the device is in SINGLE mode or 
DEPTH EXPANSION mode. A reset pulse is required 
when the device is first powered up. The READ (R) and 
WRITE (W) pins may be in any state when reset is 
initiated, but must be brought to a high state tarss and 
twrss before the rising edge of RS. 


Write 


A write cycle is initiated on the falling edge of the 
WRITE (W) pin. Data setup and hold times must be 
observed on the data-in (Do — Dg) pins. Awrite operation 
is only possible if the FIFO is not full, (i.e. the FULL flag 
pin is HIGH). Writes may occur independently of any 
ongoing read operations. 


At the falling edge of the first write after the memory is 
half filled, the HALF flag will be asserted (HF = LOW) and 
will remain asserted until the difference between the write 
pointer and read pointer indicates that the remaining data 
in the device is Jess than or equal to one-half the total 
capacity of the FIFO. The HALF flag is deasserted 
(HF = HIGH) by the appropriate rising edge of R. 


The FULL flag is asserted (FF = LOW) at the falling 
edge of the write operation which fills the last available 
location in the FIFO memory array. The FULL flag will 
inhibit further writes until cleared by a valid read. The 
FULL flag is deasserted (FF = HIGH) after the next rising 
edge ofR releases another memory location. 


Read 


Aread cycle is initiated on the falling edge of the READ 
(R) pin. Read data becomes valid on the data out (Qo—Qs) 
pins after atime ta from the falling edge of R. After R goes 
HIGH, the data out pins return to a high-impedance state. 
Reads may occur independent of any ongoing write 
operations. Aread is only possible if the FIFO is not empty 
(EF = HIGH). 


The internal read and write address pointers are main- 
tained by the device such that consecutive read opera- 
tions will access data in the same order as it was written. 
The EMPTY flag is asserted (EF = LOW) after the falling 
edge of R which accesses the last available data in the 
FIFO memory. EF is deasserted (EF = HIGH) after the 
next rising edge of W loads another word of valid data. 


Data Flow-Through 


Read flow-through mode occurs when the READ (R) 
pin is brought low while the FIFO is empty, and held LOW 
in anticipation of a write cycle. At the end of the next write 
cycle, the EMPTY flag will be momentarily deasserted, 
and the data just written will become available on the data 
out pins after a maximum time of tweF + ta. Additional 
writes may occur while the R pin remains low, but only 
data from the first write flows through to the outputs. 
Additional data, if any, can only be accessed by toggling 
R. 


Write flow-through mode occurs when the WRITE (W) 
pin is brought low while the FIFO is full, and held low in 
anticipation of a read cycle. At the end of the read cycle, 
the FULL flag will be momentarily deasserted, but then 
immediately reasserted in response to W held LOW. Data 
is written into the FIFO on the rising edge of W which may 
occur tRFF + twpw after the read. 


Retransmit 


The FIFO can be made to reread previously read data 
through the retransmit function. Retransmit is initiated by 
pulsing RT LOW. This resets the internal read address 
pointer to the first physical location in the memory while 
leaving the internal write address pointer unchanged. 
Data between the read and write pointers may be re- 
accessed by subsequent reads. Both R and W must be 
inactive (HIGH) during the retransmit pulse. Retransmit 
is useful if no more than 2048 writes are performed 
between resets. Retransmit may affect the status of EF, 
HF and FF flags, depending on the relocation of the read 
pointer. This function is not available in depth expansion 
mode. 
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Figure 6. Full Flag from Last Write to First Read 
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TIMING DIAGRAMS (cont'd) 


LAST READ FIRST WRITE 





Figure 7. Empty Flag from Last Read to First Write 


WM H_owrene AAS ACCCUCCUUTGCCUCC 


tape 


aa 


0, - Og WWAA_PATAOUT vaLio MM) 


NOTES: 


1. tape = tapw 
2. tape: Effective Read Pulse Width after Empty Flag HIGH. 





Figure 8. Read Data Flow-Through 
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TIMING DIAGRAMS (cont’d) 


ta 


05-0, WMATA CUT VALID MWY 


NOTES: 


1. twee = twew 
2. twee: Effective Write Pulse Width after Full Flag HIGH. 





Figure 9. Write Data Flow-Through 


tape 


AA a 


| NOTES: 


1. tape = tapw 
2. tape: Effective Read Pulse Width after Empty Flag HIGH. 





Figure 10. Empty Flag Timing 
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TIMING DIAGRAMS (cont'd) 


twp 


AA a 


1. twer = twew 
2. twee: Effective Write Pulse Width after Full Flag HIGH. 





Figure 11. Full Flag Timing 


HALF-FULL MORE THAN HALF-FULL 
OR LESS HALF-FULL OR LESS 





Figure 12. Half-Full Flag Timing 


RW 


NOTES: 


1. tatc = tar + tatr 
2. EF, HF and FF may change state during retransmit, but flags will be valid at tate. 





Figure 13. Retransmit Timing 
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TIMING DIAGRAMS (cont’d) 
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Too ==: 


AI AN 
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NOTE: W and R2 Viq around the rising edge of RS. 


Figure 14. Reset Timing 


WRITE TO LAST 
AVAILABLE 
LOCATION 


Figure 15. Expansion Out Timing 
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TIMING DIAGRAMS (cont’d) 


WRITE TO FIRST 
AVAILABLE 
LOCATION 


READ FROM FIRST 
VALID 
LOCATION 





Figure 16. Expansion In Timing 
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OPERATIONAL MODES 
Single Device Configuration 


When depth expansion is not required for the given 
application, the device is placed in SINGLE mode by tying 
the EXPANSION IN pin (XI) to ground. This pin is inter- 
nally sampled during reset. 


LH5498 


DATA IN 


WRITE 
FULL FLAG 


RESET 





LH5498 


Width Expansion 


Word width expansion is implemented by placing mul- 
tiple devices in parallel. Each device should be configured 
for SINGLE mode. In this arrangement, the behavior of 
the status flags will be identical for all devices, so these 
flags may be derived from any one device. 


READ 


DATA OUT 
(Qo - Qe) 


EMPTY FLAG 


RETRANSMIT 


RETRANSMIT 


DATA OUT 


Figure 18. FIFO Width Expansion (2K x 18) 
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OPERATIONAL MODES (cont'd) 


Depth Expansion 


Depth expansion is implemented by configuring the 
required number of FIFOs in EXPANSION mode. In this 
arrangement, the FIFOs are connected in a circular fash- 
ion with the EXPANSION OUT pin (XQ) of each device 
tied to the EXPANSION IN pin (XI) of the next device. 
One FIFO in this group must be designated as the first 
load device. This is accomplished by tying the FIRST 
LOAD pin (FL) of this device to ground. All other devices 
must have their FL pin tied to a high level. In this mode, 
W and R signals are shared by all devices, while internal 


W 


DATA IN 


CMOS 2K x 9 FIFO 


logic controls the steering of data. Only one FIFO will be 
enabled for any given read cycle, so the common Data 
Out pins of all devices are wire-ORed together. Likewise, 
the common Data In pins of all devices are tied together. 


In EXPANSION mode, external logic is required to 
generate a composite Full or Empty flag. This is achieved 
by ORing the FF pins of all devices and ORing the EF 
pins of all devices respectively. The HALF flag and 
RETRANSMIT functions are not available in DEPTH 
EXPANSION mode. 





Figure 19. FIFO Depth Expansion (6144 x 9) 
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OPERATIONAL MODES (cont'd) 
Compound Expansion 


A combination of width and depth expansion can be 
easily implemented by operating groups of depth 
expanded FIFOs in parallel. 


Bidirectional Operation 


Applications which require bidirectional data buffering 
between two systems can be realized by operating 


LH5498 


DEPTH EXPANSION 
BLOCK 


DATA IN 


LH5498 
| DEPTH EXPANSION 
BLOCK 





LH5498 devices in parallel but opposite directions. The 
Data In pins of a device may be tied to the corresponding 
Data Out pins of another device operating in the opposite 
direction to form a single bidirectional bus interface. Care 
must be taken to assure that the appropriate read, write 
and flag signals are routed to each system. Both depth 
and width expansion may be used in this configuration. 


LH5498 
DEPTH EXPANSION 
BLOCK 


Figure 20. Compound FIFO 


LH5498 | 
xi 


SYSTEMA 


SYSTEM B 


| LH5498 
XI 


Bidirectional FIFO 


Figure 21. 
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ORDERING INFORMATION 


15 
LH5498 X 20 


Device Type Package 25 
35 Access Time (ns) 
50 
65 
80 


Blank 28-pin, 600-mil DIP 
D 28-pin, 300-mil DIP 
U 32-pin Plastic Leaded Chip Carrier 


CMOS 2K x 9 FIFO 


Example: LH5498U-25 (CMOS 2K x 9 FIFO, 32-pin PLCC, 25 ns) 
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FEATURES PIN CONNECTIONS 





e Fast Access Times: 20/25/35/50/65/80 ns 
e Full CMOS Dual Port Memory Array 

e Fully Asynchronous Read and Write 

e Expandable in Width and Depth 

e Full, Half-Full, and Empty Status Flags 


28-PIN PDIP _ TOP VIEW 


e Read Retransmit Capability 
e TTLCompatible I/O 


e Packages: 
' 28-Pin, 600-mil PDIP & 
*  32-Pin, PLCC 


e Pin and Functionally Compatible 
with IDT7204 


1 
2 
3 
4 
5 
6 
7 
8 
9 





FUNCTIONAL DESCRIPTION 


The LH5499 is a dual port memory with internal 
addressing to implement First-In, First-Out algorithm. 
Through an advanced dual port architecture, it provides 
fully asynchronous read/write operation. Empty, Full, and 
Half-Full status flags are provided to prevent data over- 32-PIN PLCC 
flow and underflow. Internal logic is provided for unlimited 
expansion in both word size and depth. 


Figure 1. Pin Connections for PDIP Package 


Read and Write operations automatically access 
sequential locations in memory in such a way that data is 
read out in the same order that it was written, that is ona 
First-In, First-Out basis. Since the address sequence is 
internally predefined, no external address information is 
required for the operation of this device. A ninth data bit 
is provided for parity or control information often needed 
in communication applications. 


Empty, Full, and Half-Full status flags monitor the 
extent to which data has been written into the FIFO, and 
prevent improper operations (i.e., Read if the FIFO is 
empty, or Write if the FIFO is full). A retransmit feature 
resets the Read address pointer to its initial position, 
thereby allowing repetitive readout of the same data. 
Expansion in and Expansion out pins implement an 
expansion scheme that allows individual FIFOs to be 
cascaded to greater depth without incurring additional 
latency (bubblethrough) delays. 





Figure 2. Pin Connections for PLCC Package 
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CONTROL 
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POINTER 


DATA OUTPUTS 
(Qo - Qa) 


RESET 


EXPANSION 


PIN DESCRIPTIONS 


PN 
Data Inputs 
Data Outputs 


Ww Write Control | 


Read Control 
Empty Flag 


Full Flag 


F 
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Expansion Out, Half-Full Flag 
First Load, Retransmit 
Positive Power Supply 
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ABSOLUTE MAXIMUM RATINGS ! 


PARAMETER 


Supply Voltage to Vss Potential 
Signal Pin Voltage to Vss Potential ° 
DC Output Current - 


Storage Temperature Range 
Power Dissipation (Package Limit) 


DC Voltage Applied to Outputs In High-Z State 


NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating for 
transient conditions only. Functional operation of the device at these or any other conditions above those indicated in thc “Operating Range" 
of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability. 

2. Outputs should not be shorted for more than 30 seconds. No more than one output should be shorted at any time. 

3. Negative undershoots of 1.5 V in amplitude are permitted for up to 10 ns once per cycle. 





OPERATING RANGE 


Temperature, Ambient 


Supply Voltage 


Supply Voltage 
Logic “0” Input Voltage ' 


VIH Logic “1” Input Voltage 
NOTE: 





1. Negative undershoots of 1.5 V in amplitude are permitted for up to 10 ns once per cycle. 


DC ELECTRICAL CHARACTERISTICS (Over Operating Range) 
|SYMBOL | __—sPARAMETER —|_——TESTCONDITIONS —_|_ MIN | MAX | UNIT | 


tu | Input Leakage Current | Voc=5.5V,Vin=OVtoVcc | -10 | 10 | HA | 
[ho | OutputLeakage Current | REVmOVsVoursVoo | -10 | 10 | HA | 
|Vou | OutputHigh Votage | lon=-2.0mA_ | 24 || 











| Output Low Votage | lor=80mA | 
| Average Supply Current! | Measured atf=33MHz | 
jloce | Average Standby Curent’ | Allinputs=Viw | 
[cca __| PowerDownCurrent’ | Allinputs=Voc-0.2V | 


NOTE: 
1. Icc, lcc2, and Icc3 are dependent upon actual output loading and cycle rates. Specified values are with outputs open. 
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AC TEST CONDITIONS 
| 


FinputPulseLeves = att Pulse Levels Vg to 3V | to3V 
Input Rise and Fall Times (10% to 90%) | 5ns__| 


Input Timing Reference Levels 


Output Reference Levels 
Output Load, Timing Tests 


CAPACITANCE 12 








Co MAX (Output Capacitance) 


NOTES: 
1. Sample tested only. 
2. Capacitances are maximum values at 25°C measured at 1.0MHz with Vin = 0 V. 
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* INCLUDES JIG & SCOPE CAPACITANCES 





Figure 4. Output Load Caption 
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AC ELECTRICAL CHARACTERISTICS * (Over Operating Range) 


SYMBOL 








Cc Read Cycle Time 

Access Time 

Read Recover Time 

Read Pulse Width 2 

Data Bus Active from Read Low ° 
Data Bus Active from Write High . 
Vv Data Valid from Read Pulse High 


tRHZ Data Bus High-Z from Read High ° 
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Expansion Out High 
Expansion In Pulse Width 


txIR Expansion In Recovery Time 


txis 
NOTES: 
. All timing measurements performed at “AC Test Condition” levels. 
. Pulse widths less than minimum value are not allowed. 
. Values guaranteed by design not currently tested. 
. Only applies to read data flow-through mode. 
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OPERATIONAL DESCRIPTION 


Reset 


The Device is reset whenever the RESET pin (RS) is 
taken to a low state. The reset operation initializes both 
the read and write address pointers to the first memory 
location. The XI and FL pins are also sampled at this time 
to determine whether the device is in SINGLE mode or 
DEPTH EXPANSION mode. A reset pulse is required 
when the device is first powered up. The READ (R) and 
WRITE (W) pins may be in any state when reset is 
initiated, but must be brought to a high state thew and 
twpw before the rising edge of RS. 


Write 


A write cycle is initiated on the falling edge of the 
WRITE (W) pin. Data setup and hold times must be 
observed on the data in (Do — Dg) pins. Awrite operation 
is only possible if the FIFO is not full, (i.e. the FULL flag 
pin is HIGH). Writes may occur independently of any 
ongoing read operations. 


At the falling edge of the first write after the memory is 
half filled, the HALF flag will be asserted (HF = LOW) and 
will remain asserted until the difference between the write 
pointer and read pointer indicates that the remaining data 
in the device is less than or equal to one half the total 
capacity of the FIFO. The HALF flag is deasserted 
(HF = HIGH) by the appropriate rising edge of R. 


The FULL flag is asserted (FF = LOW) at the falling 
edge of the write operation which fills the last available 
location in the FIFO memory array. The FULL flag will 
inhibit further writes until cleared by a valid read. The 
FULL flag is deasserted (FF = HIGH) after the next rising 
edge of R releases another memory location. 


Read 


Aread cycle is initiated on the falling edge of the READ 
(R) pin. Read data becomes valid onthe data out (Qo—Qs) 
pins after a time ta from the falling edge of R. After R goes 
high, the data out pins return to a high-impedance state. 
Reads may occur independent of any ongoing write 
operations. Aread is only possible if the FIFO is not empty 
(EF = HIGH). 


The internal read and write address pointers are main- 
tained by the device such that consecutive read opera- 
tions will access data in the same order as it was written. 
The EMPTY flag is asserted (EF = LOW) after the falling 
edge of R which accesses the last available data in the 
FIFO memory. EF is deasserted (EF = HIGH) after the 
next rising edge of W loads another word of valid data. 


Data Flow-Through 


Read flow-through mode occurs when the READ (R) 
pin is brought low while the FIFO is empty, and held LOW 
in anticipation of a write cycle. At the end of the next write 
cycle, the EMPTY flag will be momentarily de-asserted, 
and the data just written will become available on the data 
out pins after a maximum time of twer + ta. Additional 
writes may occur while the R pin remains low, but only 
data from the first write flows through to the outputs. 
Additional data, if any, can only be accessed by toggling 
R. 


Write flow-through mode occurs when the WRITE (W) 
pin is brought low while the FIFO is full, and held low in 
anticipation of a read cycle. At the end of the read cycle, 
the FULL flag will be momentarily deasserted, but then 
immediately reasserted in response to W held low. Data 
is written into the FIFO on the rising edge of W which may 
occur tRFF + twew after the read. 


Retransmit 


The FIFO can be made to reread previously read data 
through the retransmit function. Retransmit is initiated by 
pulsing RT low. This resets the internal read address 
pointer to the first physical location in the memory while 
leaving the internal write address pointer unchanged. 
Data between the read and write pointers may be 
reaccessed by subsequent reads. Both R and W must 
be inactive (HIGH) during the retransmit pulse. Retrans- 
mit is useful if no more than 4096 writes are performed 
between resets. Retransmit may affect the status of EF, 
HF and FF flags, depending on the relocation of the read 
pointer. This function is not available in depth expansion 
mode. 
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TIMING DIAGRAMS 
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Figure 6. Full Flag from Last Write to First Read 
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TIMING DIAGRAMS (cont'd) 
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Figure 7. Empty Flag from Last Read to First Write 
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NOTES: 


1. tape = tapw 
2. tape: Effective Read Pulse Width after Empty Flag HIGH. 





Figure 8. Read Data Flow-Through 
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TIMING DIAGRAMS (cont’d) 
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NOTES: 


1. twee = twew 
2. twer: Effective Write Pulse Width after Full Flag HIGH. 





Figure 9. Write Data Flow-Through 
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NOTES: 


1. tape = trew 
2. tape: Effective Read Pulse Width after Empty Flag HIGH. 





Figure 10. Empty Flag Timing 
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TIMING DIAGRAMS (cont’d) 


twer 


1. twer = twew 
2. twpr: Effective Write Pulse Width after Full Flag HIGH. 





Figure 11. Full Flag Timing 
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Figure 12. Half-Full Flag Timing 


| NOTES: 


1. tate = tar + tate: 
2. EF, HF and FF may change state during retransmit. 





Figure 13. Retransmit Timing 
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TIMING DIAGRAMS (cont’d) 
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Figure 14. Reset Timing 
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Figure 15. Expansion Out Timing 
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TIMING DIAGRAMS (cont'd) 
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Figure 16. Expansion In Timing 
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OPERATIONAL MODES 


Single Device Configuration 


When depth expansion is not required for the given 
application, the device is placed in SINGLE mode by tying 
the EXPANSION IN pin (XI) to ground. This pin is inter- 
nally sampled during reset. 


DATA IN 
(Do - Dg) 


FULL FLAG 





Width Expansion 


Word width expansion is implemented by placing mul- 
tiple devices in parallel. Each device should be configured 
for SINGLE mode. In this arrangement, the behavior of 
the status flags will be identical for all devices, so these 
flags may be derived from any one device. 


READ 


DATA OUT 
(Qo - Qs) 


EMPTY FLAG 


RETRANSMIT 


Figure 17. Single FIFO (4K x 9) 
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Figure 18. FIFO Width Expansion (4K x 18) 
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OPERATIONAL MODES (cont’d) 
Depth Expansion 


Depth expansion is implemented by configuring the 
required number of FIFOs in EXPANSION mode. In this 
arrangement, the FIFOs are connected in a circular fash- 
ion with the EXPANSION OUT pin (XO) of each device 
tied to the EXPANSION IN pin (XI) of the next device. 
One FIFO in this group must be designated as the first 
load device. This is accomplished by tying the FIRST 
LOAD pin (FL) of this device to ground. All other devices 
must have their FL pin tied to a high level. In this mode, 


Ww 
DATA IN 





CMOS 4K x 9 FIFO 


W and R signals are shared by all devices, while internal 
logic controls the steering of data. Only one FIFO will be 
enabled for any given read cycle, so the common Data 
Out pins of all devices are wire-ORed together. Likewise, 
the common Data In pins of all devices are tied together. 


In EXPANSION mode, external logic is required to 
generate a composite Full or Empty flag. This is achieved 
by ORing the FF pins of all devices and ORing the EF 
pins of all devices respectively. The HALF flag and 
RETRANSMIT functions are not available in DEPTH 
EXPANSION mode. 


R 


DATA OUT 


Figure 19. FIFO Depth Expansion (12288 x 9) 
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OPERATIONAL MODES (cont'd) 


Compound Expansion 


A combination of width and depth expansion can be 
easily implemented by operating groups of depth 
expanded FIFOs in parallel. 


Bidirectional Operation 


Applications which require bidirectional data buffering 
between two systems can be realized by operating 


LH5499 


DEPTH EXPANSION 
BLOCK 


DATA IN 


LH5499 
DEPTH EXPANSION 
BLOCK 





LH5499 devices in parallel but opposite directions. The 
Data In pins of a device may be tied to the corresponding 
Data Out pins of another device operating in the opposite 
direction to form a single bidirectional bus interface. Care 
must be taken to assure that the appropriate read, write 
and flag signals are routed to each system. Both depth 
and width expansion may be used in this configuration. 


LHS499 
DEPTH EXPANSION 
BLOCK 


Figure 20. Compound FIFO 
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ORDERING INFORMATION 


LH5499 | X - ## 
Device Type Package . Speed 


Access Time (ns) 


Blank 28-pin, 600-mil Plastic DIP 
U 32-pin Plastic Leaded Chip Carrier 


CMOS 4K x 9 FIFO 
| 


Example: LH5499U-25 (CMOS 4K x 9 FIFO, 32-pin PLCC, 25 ns) 
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FEATURES 


e Fast Cycle Times: 25/35/50 ns 
Frequency: 40/28.5/20 MHz 


e Parallel Data In; Parallel Data Out 


¢ Two Read Enable Inputs and Two Write Enable 
Inputs, Sampled on Rising Edge of the Appropriate 
Clock 


e Fast Fall-Through Time Internal Architecture Based 
on CMOS Dual-Port SRAM Technology, 4096 x 9 


e Independently-Synchronized Operation of Input Port 
and Output Port 


@ Full, Half-Full, Almost-Empty/Full, 
and Empty Flags 


e Three-State Outputs with Output Enable 
e May be Used for Bidirectional Bus Interfaces 


e May be Used to Interface between Buses of 
Different Word Widths 


e Reset/Reread Capability 
e TTL and CMOS Compatible I/O 
@ 32-Pin PLCC Package 


FUNCTIONAL DESCRIPTION 


~ The LH5492 is a FIFO (First-In, First-Out) memory 
device, based on fully-static CMOS dual-port RAM tech- 
nology, capable of containing up to 4096 9-bit words. A 
single LH5492 FIFO can input and output 9-bit bytes; it 
has one 9-bit parallel input (write) port, and one 9-bit 
parallel output (read) port. Multiple write enables and read 
enables support paralleling LH5492s for greater-word- 
width operation, in order to achieve a wider ‘effective 
FIFO.’ The paralleled LH5492 combination remains 
capable of performing all of the operations which a 


". standalone LH5492 can perform. Thus, if two LH5492s 


are paralleled, the combination can input and output 
18-bit halfwords. This paralleling scheme extends to an 
arbitrary number of paralleled LH5492s, although some 
-external logic.is required for more than two. 


The LH5492 architecture supports synchronous oper- 
ation, tied to two independent free-running clocks at the 
input and output ports respectively. However, these 
‘clocks’ also may be aperiodic, asynchronous ‘demand’ 
signals; they do not need to be synchronized with each 
other in any way. Almost all control input signals and 
status output signals are synchronized to these clocks, to 


simplify system design. The input and output ports oper- 
ate altogether independently of each other, except when 
the FIFO becomes either absolutely full or else absolutely 
empty. 


Two edge-sampled enable control inputs, WEN1 and 
WENz2, are provided for the input port; and two more such 
control inputs, REN; and REN2, are provided for the 
output port. These synchronous control inputs may be 
used as write demands and read demands respectively, 
when an LH5492 is interfaced to continuously-clocked 
synchronous systems. Data flow is initiated at a port by 
the rising edge of the clock signal corresponding to that 
port, and is gated only by the appropriate edge-sampled 
enable control input signal(s). 


The following FIFO status flags monitor the extent to 
which the internal memory has been filled: Full, Half-Full, 
Almost-Empty/Full, and Empty. The Almost-Empty/Full 
flag is asserted whenever the internal memory is either 
within eight locations of ‘empty,’ or else within eight loca- 
tions of ‘full.’ The Half-Full flag serves to distinguish the 
‘almost-empty’ condition from the ‘almost-full’ condition. 
Also, during fully-synchronous operation, the Full flag 
may be tied directly to WEN; or to WENa2, and the Empty 
flag likewise may be tied directly to REN1 or RENg, in 
order to prevent overrunning or underrunning the internal 
FIFO boundaries. (See Figure 10.) 


PIN CONNECTIONS 


32-PIN PLCC 





Figure 1. Pin Connections for PLCC Package 
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FUNCTIONAL DESCRIPTION (cont’d) the flags serve strictly as system interrupts. This design 
approach works well when the input port clock and the 


Alternatively, the enabling of write or read operations output port clock are not synchronized to each other. 
may be controlled entirely by external system logic, while 


4K x9 
DATA IN DUAL PORT OUTPUT DATA OUT 


OUTPUT RCK 

WRITE READ PORT REN 

| POINTER | POINTER CONTROL 1 
| : LOGIC REN2 


Do - Dg Qo - Qg 


OE 


FLAG LOGIC 


FF HF AEF EF 





Figure 2. LH5492 Block Diagram 


SIGNAL/PIN DESCRIPTIONS 

| PIN, AL NAME/DESCRIPTION 

Reset. An assertive-LOW input which initializes the intemal address pointers and flags. 

!WCK Write Clock. A free-running clock input for write operations. 

| RCK Read Clock. A free-running clock input for read operations. 

| Do=Ds Data Inputs. Do — Dg are sampled on the rising edge of WCK, whenever both WEN and WEN2 are 
being asserted. 


Data Outputs. Qo — Qs are updated following the rising edge of RCK, whenever both REN: and | 

RENo2 are being asserted. 

Write Enable 1. An assertive-HIGH input signal which is sampled on the rising edge of WCK to con- 

WEN, trol the flow of data into the FIFO. Both WEN: and WENz2 must be asserted in order to enable a write 
Deration. | 

Write Enable 2. An assertive-HIGH input signal which is sampled on the rising edge of WCK to con- 

WEN2 trol the flow of data into the FIFO. Both WEN; and WENoe must be asserted in order to enable a write 

operation. | 

Read Enable 1. An assertive-HIGH input signal which is sampled on the rising edge of RCK to con- 

trol the flow of data out of the FIFO. Both REN; and REN2 must be asserted in order to enable a 

read operation. 

Read Enable 2. An assertive-HIGH input signal which is sampled on the rising edge of RCK to con- 

trol the flow of data out of the FIFO. Both REN1 and REN2 must be asserted in order to enable a 

read operation. 

Full Flag. An assertive-LOW output indicating when the FIFO is full. 

Half Flag. An assertive-LOW output indicating when the FIFO is more than haff full. | 

Almost-Empty/Full. An assertive-LOW output indicating when the FIFO either is within eight locations 

of full, or else is within eight locations of empty. | 


. An assertive-LOW output indicating when the FIFO is empty. 


Output Enable. An assertive-LOW signal which places the data outputs Qo — Qs in a low- impedance 
state. | 
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ABSOLUTE MAXIMUM RATINGS | 
[PARAMETER |RATING 


Supply Voltage to Vss Potential 
Signal Pin Voltage to Vss Potential? | -0.5Vto Vcc +0.5V 
DC Output Current ? 













Storage Temperature Range —65°C to 150°C 
Power Dissipation (Package Limit) 


NOTES: 


1. Stresses greater than those listed under ‘Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress rating for 
transient conditions only. Functional operation of the device at these or any other conditions outside those indicated in the ‘Operating Range’ 
of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability. 


2. Outputs should not be shorted for more than 30 seconds. No more than one output should be shorted at any time. 
3. Negative undershoots of 1.5 V in amplitude are permitted for up to 10 ns, once per cycle. 


OPERATING RANGE 
/SYMBOL| _ PARAMETER | MIN | MAX _|_UNIT_| 


| Ta___| Temperature, Ambient | 0 | 70 | °C | 
VIL 
VIH 















|Vss_| Supply votage | 0 
| Vi__| Logic LOW Input Votage' | -0.5 | 

| Logic HIGH input Voltage | 2.2 | 
NOTE: 


1. Negative undershoots of 1.5 V in amplitude are permitted for up to 10 ns once per cycle. 


DC ELECTRICAL CHARACTERISTICS (Over Operating Range) 
|___TESTCONDITIONS —_—|_MIN_| MAX | UNIT _ 


PARAMETER 


iu | InputLeakage Current | Voo=55V,Vin=0VtoVec | -10 | 10 | A | 
[lo _| Output Leakage Curent | OE2Vi,OVsVoursVcc | -10 | 10 | vA 
|Vor__| OutputLowvottage | lou=80mA || 4 | 
- 






Output HIGH Voltage loH = —-2.0 mA Pea toot ve 
Average Supply Current ! Measured at fc = max 
Average Standby Current . All Inputs = Vin 


NOTE: 
1. Icc and Icc2 are dependent upon actual output loading and cycle rates. Specified values are with outputs open; 
and, for Icc, operating at minimum cycle times. 
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AC TEST CONDITIONS 









PARAMETER |RATING _| 
Input Pulse Levels Vss to 3 V 






| Input Rise and Fall Times | 
| (10% to 90%) 
Input Timing Reference Levels 


Output Reference Levels 
Output Load, Timing Tests 
















Cin (Input Capacitance) 


Co (Output Capacitance) 


NOTES: 
1. Sample tested only. 





+5 V 


470 OHMS 


DEVICE 
UNDER 
TEST 





* INCLUDES JIG AND SCOPE CAPACITANCES 5492-3 


Figure 3. Output Load Circuit 


2. Capacitances are maximum values at 25°C, measured at 1.0MHz with Vin = 0 V. 





7-98 Rev. A, Oct91 


SHARP 


4K x 9 CLOCKED FIFO 


AC ELECTRICAL CHARACTERISTICS ! (Vcc =5 V+ 10%, Ta =0°C to 70°C) 


SYMBOL DESCRIPTION 


I 
i 
| 
| 


— 
=) 


—_ 
— 
N 


fc 

twc 
WL 
RC 
RL 
QL 
EF 
FF 
HF 
RF 


I 

I 

tae 
ter 


NOTES: 
. All timing measurements performed at ‘AC Test Condition’ levels. 
2. Value guaranteed by design; not currently production tested. 
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3. trss need not be met unless either a rising edge of WCK occurs while WEN: and WEN2 are both being asserted, or else a rising edge of RCK 


occurs while REN1 and REN? are both being asserted. 


as 
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. terLis the minimum first-write-to-first-read delay, following an empty condition, which is required to assure valid read data. 
. tewiis the minimum first-read-to-first-write delay, following a full condition, which is required to assure successful writing of data. 
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OPERATIONAL DESCRIPTION 


Reset 


The device is reset whenever the asynchronous reset 
input (RS) is asserted, i.e., taken to a LOW state. A reset 
operation is required after power up, before the first write 
operation occurs. The reset operation initializes both the 
read and write address pointers to the first physical 
memory location. After the falling edge of RS, the status 
flags (FF, HF, AEF, and EF) are updated to indicate a 
valid empty condition. 


Write and/or read operations need not be deactivated 
during a reset operation, but failure to do so requires 
observance of the Reset Setup Time (trRss) to assure that 
the first write and/or first read following reset will occur 
predictably. 


If no read operations have been performed following a 
reset operation, then the previous data word being held 
in the output register consists of all zeroes. This data word 
will be seen on the output bus (Qo — Qs) whenever the 
output enable (OE) is being held LOW. 


Write 


Awrite operation consists of storing parallel data from 
the data inputs to the FIFO memory array. Awrite opera- 
tion is initiated on the rising edge of the Write Clock input 
(WCK), whenever both of the edge-sampled Write Enable 
inputs (WEN; and WENz2) are held HIGH for the pre- 
scribed setup times and hold times. Setup times and hold 
times must also be observed for the Data In pins (Do—Ds). 


When a full condition is reached, write operations 
should be ceased in order to prevent overwriting unread 
data. The state of the four status flags has no direct effect 
on write operations; that is, the execution of write opera- 
tions is gated only by WEN; and WENz2, and the internal 
logic of the LH5492 itself has no interlock to prevent 
overrunning valid data after the internal write pointer 
‘wraps around’ and catches up to the read pointer — and 
passes it, if writing is continued. Figure 10 illustrates how 
such an interlock may be implemented by means of 
external connections. 


Following the first read operation from a full FIFO, 
another memory location becomes freed up, and the Full 
Flag is deasserted (FF = HIGH). The next write operation 
should begin no earlier than a First Write Latency time 
(tFwL) after the first read operation from a full FIFO, in 
order to assure that a correct data word is written into the 
FIFO memory. : 


Read 


Aread operation consists of loading parallel data from 
the FIFO memory array to the output register. A read 
operation is initiated on the rising edge of the Read Clock 
input (RCK), whenever both of the edge-sampled Read 
Enable inputs (REN1 and REN2) are held HIGH for the 
prescribed setup times and hold times. Read data be- 


4K x 9 CLOCKED FIFO 


comes valid on the Data Out pins (Qo — Qs) by a time ta 
after the rising edge of RCK, provided that the Output 
Enable (OE) is being held LOW. OE is an assertive-LOW 
asynchronous input. When OE is taken LOW, the Qo — Qs 
outputs are driven (i.e., are in a low-Z state) within a 
minimum time tac. When OE is taken HIGH, the Qo — Qs 
outputs are in a high-Z state within a maximum time tqz. 


When an empty condition is reached, read operations 
should be ceased until a valid write operation(s) has 
loaded additional data into the FIFO. The state of the four 
status flags has no direct effect on read operations; that 
is, the execution of read operations is gated only by REN1 
and RENa2, and the internal logic of the LH5492 itself has 
no interlock to prevent underrunning valid data after the 
internal read pointer ‘wraps around’ and catches up to the 
write pointer — and passes it, if reading is continued. 
Figure 10 illustrates how such an interlock may be imple- 
mented by means of external connections. 


Following the first write to an empty FIFO, the Empty 
Flag (EF) is deasserted (EF = HIGH). The next read 
operation should begin no earlier than a First Read 
Latency time (tFRL) from the first write operation into an 
empty FIFO, in order to ensure that correct read data is 
retrieved. 


Status Flags 


Status Flags are included for Full (FF), Half-Full (HF), 
Almost-Empty/Full (AEF), and Empty (EF). These flags 
are updated at the boundary conditions given in Table 1. 
Flag transitions follow the appropriate rising clock edge 
during an enabled read or write operation. The AEF flag 
is asserted whenever the FIFO either is less than eight 
locations away from an empty boundary, or else is less 
than eight locations away from a full boundary. 


A separate indicator for Almost-Empty may be gener- 
ated by a logical NOR of AEF with the inversion of HF. An 
indicator for Almost-Full may be generated by a NOR of 
AEF with HF. From an assertive-HIGH perspective, the 
NOR gate effectively is performing an AND operation in 
both of these cases. 


Reset, Reread 


The FIFO can be made to reread previously read data 
through a reset operation, which initializes the internal 
read-address and write-address pointers to the first phys- 


‘ical location in the FIFO memory (location zero). The 


status flags are updated to indicate an empty condition; 
but up to 4096 data words which previously had been 
written into and/or read from the FIFO still then remain in 
the FIFO memory array. The status flags may be ignored, 
and data may be reaccessed by subsequent read oper- 
ations. The First Read Latency (terri) specification does 
not apply to reset/reread operations, since no new data 
words are being written to the FIFO following the reset 
operation. 
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TIMING DIAGRAMS 


WCK 


WEN,, 
WEN> 


Do - Dg 








RCK : 
aay ll ae . a 
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REN,, Lt 
REN» 


oo ee 


Qy- Qe (| PREVIOUS DATA i 





NOTES: 
1. Both WEN, and WEN, must be asserted (HIGH) to enable write operations. 


2. Both REN, and REN» must be asserted (HIGH) to enable read operations. 
3. EF asserted (LOW) does not prevent further read operations, unless it is tied either to REN, or to REN». 


4. ten. (First Read Latency) - The first read following an empty condition may begin no earlier than tea, 
after the first write to an empty FIFO, to assure valid data is retrieved. This specification does not apply 
to reset/reread applications, in which the status of FIFO flags is ignored. 


5. Immediately following a reset operation, the ‘previous data’ will be all bits LOW. seaog 


Figure 4. Write and Read Operation ina 
Near-Empty Condition 
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TIMING DIAGRAMS (cont’d) 
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NOTES: 
1. Both WEN, and WENz> must be asserted (HIGH) to enable write operations. 


2. Both REN, and REN» must be asserted (HIGH) to enable read operations. 
3. FF asserted (LOW) does not prevent further write operations, unless it is tied either to WEN, or to WEN>. 
4. tew, (First Write Latency) - The first write following a full condition may begin no earlier than teyw,_ 


after the first read from a full FIFO, in order to ensure that valid read data is retrieved. 
5492-5 


Figure 5. Read and Write Operation ina 
Near-Full Condition 
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TIMING DIAGRAMS (cont'd) 





tass 
WCK fg 
ten 
WEN,, 
WEN. 
tass 
RCK 
tes ten 
REN, Y 
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NOTES: 
1. tag is measured with OE held LOW. 


2. tass need not be met unless the rising edge of WCK and/or RCK occurs while that clock is enabled. 
RS operates whather or not WEN, and WEN,, and/or REN, and RENp, are being asserted. 


Figure 6. Reset Timing 
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TIMING DIAGRAMS (cont'd) 











REN,, y N 
REN, __ | A 
NOTES: 


1. HF is HIGH whenever the FIFO is almost-empty, since then it also is less than half-full. ocas Eset 
2. An Almost-Empty flag AE may be implemented, using external logic according to AE = AEF - HF = AEF + HF. 


Figure 7. Almost-Empty Flag Timing 


Table 1. Flag Definitions 


VALID WRITE VALID READ 
CYCLES REMAINING CYCLES REMAINING 


| max | | max | 
7 

















| min 

a ee a ae 
a oe ae oe 
8 | 2047 
| 2048 | 
| 4096 






2048 
| 4095 


4096 
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TIMING DIAGRAMS (cont'd) 





Figure 8. Half-Full Flag Timing 


SHARP Rev. A, Oct91 7-105 


LH5492 4K x9 CLOCKED FIFO | 





TIMING DIAGRAMS (cont'd) 








REN: ih \i 


NOTES: 
1. HF is LOW whenever the FIFO is almost-full, since then it also is more than half-full. 








2. An Almost-Full flag AF may be implemented, using external logic according to AF = AEF - HF = AEF + HF. 





Figure 9. Almost-Full Flag Timing 
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OPERATIONAL MODES 
Synchronous Read and Write Operations 


Read and Write operations may be performed in syn- 
chronism with each other by deriving WCK and RCK from 
a common system clock. In this case, the Write Enable 
(WEN1 and WENz2) and Read Enable (REN; and REN2) 
inputs all get sampled at the same clock rising edge. 


This type of synchronous read/write operation ensures 
that flag outputs always satisfy the required setup and 
hold times forthe WEN1, WENa2, REN1, and REN2 inputs. 
Thus, the Full Flag output (FF) may be tied directly to 
either WEN, or WENz2, to prevent ‘overrun’ write opera- 
tions when the full condition is reached, while the other 
Write Enable input remains available for system control. 
Likewise, the Empty Flag output (EF) may be tied directly 
to either REN1 or RENa, to prevent ‘underrun’ read oper- 
ations when the empty condition is reached, while the 
other Read Enable input remains available for system 
control. 


Asynchronous Read and Write Operations 


Write operations and read operations also may be 
performed completely asynchronously, relative to each 
other, when the WCK input and the RCK input are derived 


SYSTEM CLOCK 


WRITE ENABLE 


FULL 
DATA IN 


RESET 


HALF 
ALMOST-E/F 





LH5492 


from the clock signals of different systems. Under these 
conditions, the status-flag transitions occur relative to two 
unpredictably-related clock edges; and so, these flags 
should not be used to directly drive Write Enable or Read 
Enable inputs, since they do not always satisfy valid setup 
times and hold times. 


Instead, it is recommended that these enable signals 
be controlled by the user, in order to ensure that adequate 
setup times and hold times are maintained. If the FIFO 
becomes either completely full or completely empty, then 
some synchronization between read and write operations 
at the full or empty boundaries becomes necessary to 
prevent timing violations. 


When the FIFO is operating in this manner, the Almost- 
Empty/Full flag and the Half-Full flag should be used to 
provide some advance warning, to avoid overrunning or 
underruning a FIFO internal boundary. Typically, these 
flags are used as system interrupts. When an interrupt is 
received by the faster of the two systems, a predefined 
block of data then may be transferred at the maximum 
data rate, as long as there is known to be sufficient room 
for it. In this way the full and empty boundaries are never 
reached, and yet maximum data throughput is main- 
tained. 


READ ENABLE 


EMPTY 


DATA OUT 


OUTPUT ENABLE 


HALF 
ALMOST-E/F 


Figure 10. Synchronous Operation 
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OPERATIONAL MODES (cont’d) 


WRITE CLOCK | READ CLOCK 


WRITE ENABLE READ ENABLE 
FULL FF EF EMPTY 


DATA IN | DATA OUT 
RESET |RS OUTPUT ENABLE 


ALMOST-EMPTY ALMOST-FULL 





Figure 11. Asynchronous Operation 
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OPERATIONAL MODES (cont'd) 
Depth Expansion 


Increased FIFO depth may be realized by using mul- 
tiple LH5492 devices. The availability of two enable con- 
trol inputs for each port assists in this expansion. For 
either the input port or the output port, one enable input 
may be used for system control, while the other is driven 


WRITE CLOCK 
WRITE ENABLE 


RESET 
DATA IN (9-BIT) 
FULL FLAG 


ALMOST-EMPTY 
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by decode logic to direct the flow of data. Typically, this 
decode logic alternates accesses sequentially from one 
device to the next. Status flags are then derived from the 
last device in the sequence. The simplest form of this 
decode logic consists of a single toggle flipflop, which 
alternates access between two devices for every enabled 
clock cycle as shown in Figure 13. 


READ CLOCK 
READ ENABLE 


ne DECODE 
LOGIC 


DATA OUT (9-BIT) 
EMPTY FLAG 


ALMOST-FULL 


Figure 12. FIFO Depth Expansion (8192 x 9) 


WRITE ENABLE 
(READ ENABLE) 


WRITE CLOCK 
(READ CLOCK) 





| > WEN, (REN,) 
DEVICE #1 
| WEN2 (REN2) 


| > WEN, (REN5) 
DEVICE #2 


| > WEN, (REN) 


Figure 13. Simple Decode Logic 
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OPERATIONAL MODES (cont’d) 


interface Between Different Bus Widths 


Applications which require interface between system 
buses of different word wicths also may be implemented 
with multiple LH5492 devices. Essentially, one port may 


WRITE CLOCK 
WRITE ENABLE 


DECODE 
LOGIC 


RESET 


DATA IN (9-BIT) 
FULL FLAG 


ALMOST-EMPTY 
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be configured for greater FIFO depth, while the other port 
is configured for greater word width. Referring to Figures 
14 and 15, the wide-word port accesses data simulta- 
neously from multiple devices, while the narrow-word port 
uses decode logic to direct the flow of data between two 
or more devices. 


READ CLOCK 
READ ENABLE 


OUTPUT ENABLE 


DATA OUT (18-BIT) 
EMPTY FLAG 


ALMOST-FULL 


Figure 14. 8K x 9-Bit to 4K x 18-Bit Bus 
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OPERATIONAL MODES (cont'd) 


WRITE CLOCK | READ CLOCK 


WRITE ENABLE : | | READ ENABLE 


DATA IN 
(18-BIT) 


DATA OUT 
(9-BIT) 


FULL FLAG FF EF EMPTY FLAG 


ALMOST-EMPTY — ( | ALMOST-FULL 





Figure 15. 4K x 18-Bit to 8K x 9-Bit Bus 
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OPERATIONAL MODES (cont'd) 


Bidirectional Operation 


Applications which require bidirectional data buffering 
between two systems may be realized by operating 
LH5492 devices in parallel, but in opposite directions. The 
Data In pins of one device may be tied to the correspond- 
ing Data Out pins of another device operating in the 
opposite direction, to form a single bidirectional bus inter- 
face. Care must be taken to assure that the appropriate 
clock, enable, and flag signals are routed to each system. 


ALMOST-FULL 


EMPTY FLAG 
OUTPUT ENABLE 
READ ENABLE 


SYSTEM-A 
CLOCK 


SYSTEM-A 
DATA BUS 


WRITE ENABLE 


RESET 
FULL FLAG 


ALMOST-EMPTY 





The extra enable control signals may be used to extend 
FIFO depth, or to interface bidirectional buses of different 
word widths. 

Width Expansion 


Any of the previously described applications can be 
extended in word width by operating groups of these 
device configurations in parallel. The enable setup and 
hold times should be satisfied for all devices, in order to 
ensure that all width-expanded devices respond identi- 
Cally to the same sequence of events. 


ALMOST-EMPTY 


FULL FLAG 
RESET 
WRITE ENABLE 


SYSTEM-B 
CLOCK 


SYSTEM-B 
DATA BUS 


READ ENABLE 


OUTPUT ENABLE 


EMPTY FLAG 


ALMOST-FULL 


Figure 16. Bidirectional Operation 
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ORDERING INFORMATION 


LH5492 U 
Device Type Package 


25 
35 Cycle Time (ns) 
50 


32-pin Plastic Leaded Chip Carrier (PLCC32-P-S450) 


4K x 9 Clocked FIFO 


Example: LH5492U-25 (4K x 9 Clocked FIFO, 32-pin PLCC, 25 ns) 
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FEATURES 


e Fast Cycle Times: 25/35/50 ns 
Frequency: 40/28.5/20 MHz 


e Parallel Data In; Serial Data and/or Parallel Data Out 


e Serial Input and Serial Shift Capability in Output 
Register, for Long-Word-Length Parallel-to-Serial 
Operations 


e Read Enable Input and Two Write Enable 
Inputs, Sampled on Rising Edge of the Appropriate 
Clock 


© Fast Fall-Through Time Internal Architecture Based 
on CMOS Dual-Port SRAM Technology, 4096 x 9 


© Fully Asynchronous Read and Write Operations 


® Full, Half-Full, Almost-Empty/Full, and 
Empty Flags 


® Reset/Reread Capability 
© TTL/CMOS-Compatible I/O 
@ 32-Pin PLCC Package 


FUNCTIONAL DESCRIPTION 


The LH5493 is a FIFO (First-In, First-Out) memory 
device, based on fully-static CMOS RAM technology, 
capable of containing up to 4096 9-bit words. One 
LH5493 FIFO can input 9-bit bytes; and it can either 
output 9-bit bytes in parallel, or else output a serial 
bitstream. Thus, a single LH5493 is capable of 9-bit-to-1- 
bit PISO (Parallel-In, Serial-Out) operation. 

An LH5493 has one 9-bit parallel input (write) port, and 
one 9-bit parallel output (read) port. And there is one 1-bit 
serial input, which supports paralleling LH5493s for 
longer-word-width PISO operation. This serial input also 
allows additional control bits to be inserted at will into the 
serial output bitstream. There is no serial output port as 
such; any individual bit position in the parallel output 
register may be chosen as the serial-output data path, 
according to the desired time phase of the output 
bitstream. 


The LH5493 architecture supports a very convenient 
method of paralleling multiple FIFOs for PISO operation, 
without any additional logic being needed, in order to 
achieve a wider ‘effective FIFO.’ The paralleled LH5493 
combination remains capable of performing all of the 
operations which a standalone LH5493 can perform. 


Thus, if two LH5493s are paralleled, the combination can 
input 18-bit halfwords; and it can either output 18-bit 
halfwords, or else output a serial bitstream for 18-bit-to- 
1-bit PISO operation. This paralleling scheme extends 
without change to an arbitrary number of LH5493s. 

The LH5493 architecture supports synchronous oper- 
ation, tied to two independent free-running clocks at the 
input and output ports respectively. However, these 
‘clocks’ also may be aperiodic, asynchronous ‘demand’ 
signals; they do not need to be synchronized with each 
other in any way. Almost all control input signals and 
status output signals are synchronized to these clocks, to 
simplify system design. The input and output ports oper- 
ate altogether independently of each other, except when 
the FIFO becomes either absolutely full or else absolutely 
empty. 

Two edge-sampled enable control inputs, WEN1 and 
WENz2, are provided for the input port; and one such 
control input, REN, is provided for the output port. These 
synchronous control inputs may be used as write de- 
mands and read demands respectively, when an LH5493 
is interfaced to continuously-clocked synchronous sys- 
tems. Data flow is initiated at a port by the rising edge of 
the clock signal corresponding to that port, and is gated 
only by the appropriate edge-sampled enable control 
input signal(s). 


PIN CONNECTIONS 


32-PIN PLCC 





Figure 1. Pin Connections for PLCC Package 
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FUNCTIONAL DESCRIPTION (cont'd) 


The following FIFO status flags monitor the extent to 
which the internal memory has been filled: Full, Half-Full, 
Almost-Empty/Full, and Empty. The Almost-Empty/Full 
flag is asserted whenever the internal memory is either 
within eight locations of ‘empty,’ or else within eight loca- 
tions of ‘full.’ The Half-Full flag serves to distinguish the 
‘almost-empty’ condition from the ‘almost-full’ condition. 
Also, during fully-synchronous operation, the Full flag 


4K x9 


POINTER 


SHARP 


| DUAL PORT SHIFT 
: RAM ARRAY REGISTER - 
: . OUTPUT 
| write | READ PORT 
POINTER 


LH5493 


may be tied directly to WENi or to WEN2, and the Empty 
flag likewise may be tied directly to REN, in order to 
prevent overrunning or underrunning the internal FIFO 
boundaries. (See Figure 11.) 

Alternatively, the enabling of write or read operations 
may be controlled entirely by external system logic, while 
the flags serve strictly as system interrupts. This design 
approach works well when the input port clock and the 
output port clock are not synchronized to each other. 


OUTPUT DATA OUT 


Qo - Qz 


CONTROL 
LOGIC 


FLAG LOGIC 


FF OHF AEF EF 





Figure 2. LH5493 Block Diagram 


SIGNAL PIN |DESCRIPTIONS 
| PIN _ 


AL NAME/UE niP LION 


Reset. An assertive-LOW input which initializes the internal address pointers and flags. 
WCK Write Clock. A free-running clock input for write operations. 

Read Clock. A free-running clock input for read operations. 

Serial Input. A serial data input to allow paralleled PISO operation of multiple devices. 


Do — Dg 
Qo — Qs 


being asserted.. 


WEN} 
operation. 


Data Inputs. Do —- Dg are sampled on the rising edge of WCK, whenever both WEN; and WEN2 are 


Data Outputs. Qo — Qs are updated following the rising edge of RCK, whenever REN is being asserted. 


Write Enable 1. An assertive-HIGH input signal which is sampled on the rising edge of WCK to control 
the flow of data into the FIFO. Both WEN and WENe2 must be asserted in order to enable a write 


Write Enable 2. An assertive-HIGH input signal which is sampled on the rising edge of WCK to control 
the flow of data into the FIFO. Both WEN1 and WEN2 must be asserted in order to enable a write 


operation. 


| REN Read Enable. An assertive-HIGH input signal which is sampled on the rising edge of RCK to control the 
flow of data out of the FIFO. 


Read Load/Shift. An input signal which is sampled on the rising edge of RCK to control the loading or 


| shifting of data in the output register. 


Full Flag. An assertive-LOW output indicating when the FIFO is full. 
Half-Full Flag. An assertive-LOW output indicating when the FIFO is more than half full. 
Almost-Empty/Full. An assertive-LOW output indicating when the FIFO either is within eight locations of 


full, or else is within eight locations of empty. 


. An assertive-LOW outp 
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ABSOLUTE MAXIMUM RATINGS ! 


Supply Voltage to Vss Potential -0.5Vto7V 


NOTES: 


1. Stresses greater than those listed under ‘Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress rating for 
transient conditions only. Functional operation of the device at these or any other conditions outside those indicated in the ‘Operating Range’ 
of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability. 


2. Outputs should not be shorted for more than 30 seconds. No more than one output should be shorted at any time. 
3. Negative undershoot of 1.5 V in amplitude is permitted for up to 10 ns, once per cycle. 











OPERATING RANGE 






|Ta__| Temperature, ambient | 0 | 70 | °C _ 
|Voo | SupplyVotage | 45 | 55 | OV 
|Vss_| SuppyVottage | 0 | OV 
|Vi__| LogicLow input Vottage' | -0.5 | 08 | V_ 
Vin | Logic HIGH input Voltage | 22 | Voo+05 | V_| 


NOTE: 
1. Negative undershoot of 1.5 V in amplitude is permitted for up to 10 ns once per cycle. 








DC ELECTRICAL CHARACTERISTICS (Over Operating Range) 






lu | InputLeakage Current | Voc=55V.Vin=OVtoVcc | -10 | 10 | HA | 
|Vor_| OutputLowvotage | la=80ma || | 
| Von | OutputHIGH Voltage | lon=-20ma_ | 24 | 
| lcc__| Average Supply Curent’ | Measuredatic=max |_| 150 | mA | 
| loca _| Average Standby Current | All Inputs = Vin || 25 | ma 


NOTE: 


1. Ice and Icc2 are dependent upon actual output loading and cycle rates. Specified values are with outputs open; 
and, for Icc, operating at minimum cycle times. 
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AC TEST CONDITIONS 
| PARAMETER |RATING _| 


CAPACITANCE 12 
| PARAMETER] CRATING __ 


NOTES: 
1. Sample tested only. 













SHARP 


LH5493 


+5 V 


470 OHMS 


DEVICE 
UNDER 
TEST 


240 OHMS 


* INCLUDES JIG AND SCOPE CAPACITANCES 5493-3 





Figure 3. Output Load Circuit 


2. Capacitances are maximum values at 25°C, measured at 1.0MHz with Vin = 0 V. 
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AC ELECTRICAL CHARACTERISTICS ' (Vcc = 5 V+ 10%, Ta = 0°C to 70°C) 


SYMBOL DESCRIPTION Sa 
ee eee 












Cycle Frequency | 

| Write Clock CycleTime | 8 

|WiteClockHIGHTime | 10 

| Write Clock LOwTime | 10 

| Read Clock Cycle Time | 25 
| 10 
10 


Read Clock Cycle Time 

/ tru | Read Clock HIGH Time 
tRL 

Ptpy Data Hold Time from Rising Clock 

Enable Setup Time to Rising Clock 

tA 
tEF 
tFF 
tHF 
tRF 


Enable Hold Time from Rising Clock 
Data Output Access Time 





i 
ft 
tos | 
oe 
ftes i | 10 
ten oT 
ftw fac 
fton | OutputHodTime | 
ter | ClocktoEmptyFlagvaid |= 
tee | ClocktoFulFlagvaid | 
[tue | ClocktoHaltFullFlag Vaid | =| 85 
[wer | ClocktoaEFFlagVaid |= 
fies | ResetPulseWith | 25 
tas | ResetSetupTime® | 10 
[tar | ResetlowtoFiagvaid |= 
tra | Resetto Data OutputsLow |= 
tem | FirstReadLatency# | 18 
tew.__| FirstwriteLatency® | 18 
NOTES: 


1. All timing measurements performed at ‘AC Test Condition’ levels. 

2. Value guaranteed by design; not currently production tested. 

3. trss need not be met unless either a rising edge of WCK occurs while WEN; and WENz2 both are being asserted, or else a rising edge of RCK 
occurs while REN is being asserted. 

4. terLis the minimum first-write-to-first-read delay, following an empty condition, which is required to assure valid read data. 

5. trw. is the minimum first-read-to-first-write delay, following a full condtion, which is required to assure successful writing of data. 


i 
i 
Read Clock LOW Time 
Data Setup Time to Rising Clock 
| 


ol oO 
N 
w G | ® 
>) o1 | O1 
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OPERATIONAL DESCRIPTION 


Reset 


The device is reset whenever the asynchronous reset 
input (RS) is asserted, i.e., taken to a LOW state. Areset 
operation is required after power up, before the first write 
operation occurs. The reset operation initializes both the 
read and write address pointers to the first physical 
memory location. After the falling edge of RS, the status 
flags (FF, HF, AEF, and EF) are updated to indicate a 
valid empty condition. 


Read, shift, and/or write operations need not be deac- 
tivated during a reset operation. However, failure to do so 
requires observance of the Reset Setup Time (trss), to 
assure that the first write and/or first read following a reset 
operation will occur predictably. 


If no read operations have been performed following a 
reset operation, then the previous data’ being held in the 
output register and seen on the output bus (Qo — Qs) 
consists of all zeroes. 


Write 


Awrite operation consists of storing parallel data from 
the data inputs to the FIFO memory array. Awrite opera- 
tion is initiated on the rising edge of the Write Clock input 
(WCK), whenever both of the edge-sampled Write Enable 
inputs (WEN and WENz2) are held HIGH for the pre- 
scribed setup times and hold times. Setup times and hold 
times must also be observed for the Data In inputs 
(Do — Dg). 


When a full condition is reached, write operations 
should be ceased in order to prevent overwriting unread 
data. The state of the status flags has no direct effect on 
write operations; that is, the execution of write operations 
is gated only by WEN and WENzg, and the internal logic 
of the LH5493 itself has no interlock to prevent overrun- 
ning valid data after the internal write pointer ‘wraps 
around’ and catches up to the read pointer — and passes 
it, if writing is continued. Figure 11 illustrates how such an 
interlock may be implemented by means of external 
connections. 


Following the first read operation from a full FIFO, 
another memory location is freed up, and the Full Flag is 
deasserted (FF = HIGH). The first write operation should 
begin no earlier than a First Write Latency (tFwL) after the 
first read operation from a full FIFO, in order to ensure 
that correct read data is retrieved. 


Read 


Aread operation consists of loading parallel data from 
the FIFO memory array to the output register. A read 
operation is initiated on the rising edge of the Read Clock 
input (RCK), whenever both the edge-sampled Read 
Enable input (REN) and the Load/Shift input (LD/SH) are 
held HIGH for the prescribed setup times and hold times. 
Read data becomes valid at the Data Out outputs 


(Qo — Qe) by a time ta after the rising edge of RCK. A shift 
of data in the output register is performed whenever REN 
is held HIGH and LD/SH is held LOW on the rising edge 
of RCK. Data is shifted in the MSB-to-LSB direction, with 
data on the Serial Input (SI) replacing the contents of bit 
position Qs. 


When an empty condition is reached, read operations 
should be ceased in order to prevent underruning the 
actual meaningful data. The state of the four status flags 
has no direct effect on read or shift operations; that is, the 
execution of read or shift operations is gated only by REN 
and LD/SH, and the internal logic of the LH5493 itself has 
no interlock to prevent underrunning valid data after the 
internal read pointer catches up to the write pointer — and 
passes it, if reading is continued. Figure 11 illustrates how 
such an interlock may be implemented by means of 
external connections. 


When an empty condition is reached, shift operations 
may continue; but read operations should be ceased until 
a valid write operation(s) has loaded additional data into 
the FIFO. Following the first write to an empty FIFO, the 
Empty Flag will be deasserted (EF = HIGH). The first read 
operation should begin no earlier than a First Read 
Latency time (tFRL) from the first write to an empty FIFO, 
in order to ensure that correct read data is retrieved. 


Status Flags 


The following four status flags are included: Full (FF), 
Half-Full (HF), Almost-Empty/Full (AEF), and Empty (EF). 
These flags are updated on the appropriate boundary 
conditions as illustrated in Figure 8. Flag transitions follow 
the appropriate rising clock edge during an enabled read 
or write operation. The AEF flag is asserted whenever the 
FIFO either is less than eight locations away from an 
empty boundary, or else is less than eight locations away 
from a full boundary. 


A separate indicator for Almost-Empty may be gener- 
ated by a logical NOR of AEF with the inversion of HF. 
An indicator for Almost-Full may be generated by a NOR 
of AEF with HF. From an assertive-HIGH perspective, the 
NOR gate effectively is performing an AND operation in 
both of these cases. 


Reset, Reread 


The FIFO may be made to reread previously-read data 
by means of a reset operation, which initializes the inter- 
nal read and write address pointers to the first physical 
location in the FIFO memory (location zero). The status 
flags are updated to indicate an empty condition; but up 
to 4096 words of old data, which previously had been 
written into and/or read from the FIFO, still remains in the 
memory array. The status flags may be ignored, and data 
may be reaccessed by subsequent read operations. The 
First Read Latency (tFRL) specification does not apply to 
reset/reread operations, since no new data words are 
being written to the FIFO following the reset operation. 
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TIMING DIAGRAMS 


W 


Qo - Qg PREVIOUS DATA 


NOTES: 
1. Both WEN, and WEN, must be asserted (HIGH) to enable write operations. 
2. Both REN and LD/SH must be asserted (HIGH) to enable read operations. 
3. EF being asserted (LOW) does not prevent further read operations, unless it is tied to REN. 
4. tea, (First Read Latency) - The first read following an empty condition may begin no earlier than trp, after 


the first write to an empty FIFO, in order to ensure that valid data is retrieved. This specification 
does not apply to reset/reread applications, in which the status of FIFO flags is ignored. 





Figure 4. Write and Read Operation ina 
Near-Empty Condition 
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TIMING DIAGRAMS (cont'd) 


WUONTAKCCCRAARCCCU 


Qo - Qg 


NOTES: 
1. Both WEN, and WEN.) must be asserted (HIGH) to enable write operations. 
2. Both REN and LD/SH must be asserted (HIGH) to enable read operations. 
3. FF being asserted (LOW) does not prevent further write operations, unless it is tied either to WEN, or to WEN>. 
4. tew_ (First Write Latency) - The first write following a full condition may begin no earlier than t-y, after 
the first read from a full FIFO, in order to ensure that valid read data is retrieved. 





Figure 5. Write and Read Operation ina 
Near-Full Condition 
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TIMING DIAGRAMS (cont'd) 
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Figure 6. Serial Shift/Read Timing 


7-122 Rev. A, Oct91 SHARP 


4K x 9 Parallel-to-Serial FIFO SHARP LH5493 


TIMING DIAGRAMS (cont'd) 


EF AEF A en 
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FFF ee 
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1. tagg need not be met unless the rising edge of WCK and/or RCK occurs while that clock 
is enabled. RS operates whether or not WEN, and WEN , and/or REN, are being asserted. 


Figure 7. Reset Timing 


SHARP Rev. A, Oct91 7-123 


LH5493 4K x 9 Parallel-to-Serial FIFO 


TIMING DIAGRAMS (cont’d) 


LD/SH, Lt \\\ 
REN / \ 
NOTES: 


1. HF is HIGH whenever the FIFO is almost-empty, since then it also is less than half-full. 
2. An Almost-Empty flag AE may be implemented, using external logic according to AE = AEF - HF = AEF + HF. 





Figure 8. Almost-Empty Flag Timing 


Table 1. Flag Definitions 
VALID WRITE VALID READ 
Per [Aer [He [FF | min 
4096 


| oo | oO | 4096 | 4096 
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TIMING DIAGRAMS (cont’d) 





Figure 9. Half-Full Flag Timing 
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TIMING DIAGRAMS 


LD/SH, 
REN 


NOTES: 
1. HF is LOW whenever the FIFO is almost-full, since then it also is more than half-full. 
2. An Almost-Full flag AF may be implemented, using external logic according to AF = AEF - HF = AEF + HF. 





Figure 10. Almost-Full Flag Timing 
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OPERATIONAL MODES 
Synchronous Write and Read Operations 


Read and write operations may be performed in syn- 
chronism with each other by deriving WCK and RCK from 
a common system clock. In this case, the Write Enable 
(WEN and WENg), Read Enable (REN), and Load/Shift 
(LD/SH) inputs all get sampled at the same clock rising 
edge. 


SYSTEM CLOCK 


WRITE ENABLE 


FULL 
DATA IN 


RESET 


HALF 


ALMOST-E/F 


SHARP 
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This type of synchronous read/write operation ensures 
that flag outputs always satisfy the required setup and 
hold times for the WEN1, WENz2, and REN inputs. Thus, 
the Full Flag output (FF) may be tied directly to WEN1 or 
WENzg, to prevent ‘overrun’ write operations after the full 
condition is reached, while the other Write Enable input 
remains available for system control. Likewise, the Empty 
Flag output (EF) may be tied directly to REN, to prevent 
‘underrun’ read operations after the empty condition is 
reached. 


LOAD/SHIFT DATA 


EMPTY 
DATA OUT 
SERIAL INPUT 


HALF 
ALMOST-E/F 


Figure 11. Synchronous Operation 
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OPERATIONAL MODES (cont’d) 
Asynchronous Write and Read Operations 


Write operations and read operations may be per- 
formed completely asynchronously with respect to each 
other, when the WCK input and the RCK input are derived 
from the clock signals of different systems. Under these 
conditions, status-flag transitions occur relative to two 
unpredictably-related clock edges. Therefore, these flags 
should not be used to directly drive Write Enable or Read 
Enable inputs, since they do not always satisfy valid setup 
times and hold times. 


Instead, it is recommended that these enable signals 
be controlled by the user to ensure that adequate setup 
times and hold times are maintained. If the FIFO becomes 


WRITE CLOCK 
WRITE ENABLE 


FULL 


DATA IN 


RESET 


ALMOST-EMPTY 
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either completely full or completely empty, then some 
synchronization between read and write operations at the 
full or empty boundaries becomes necessary to prevent 
timing violations. 


When the FIFO is operating in this manner, the Almost- 
Empty/Full flag and the Half-Full flag should be used to 
provide some advance warning, to avoid overrunning or 
underrunning a FIFO internal boundary. Typically, these 
flags are used as system interrupts. When an interrupt is 
received by the faster of the two systems, a predefined 
block of data then may be transferred at the maximum 
data rate, as long as there is known to be sufficient room 
for it. In this way the full and empty boundaries are never 
reached, and yet maximum data throughput is main- 
tained. 


READ CLOCK 
LOAD/SHIFT DATA 
READ ENABLE 
EMPTY 

DATA OUT 
SERIAL INPUT 


ALMOST-FULL 


Figure 12. Asychronous Operation 


7-128 


Rev. A, Oct91 


SHARP 


4K x9 Parallel-to-Serial FIFO 


OPERATIONAL MODES (cont'd) 


Paralleled Operation 


In paralleled operation, two or more LH5493 FIFOs are 
chained together into a wider ‘effective FIFO.’ The Serial 
Input (Sl) of the first device in the chain serves as the 
‘effective-FIFO’ serial input. This ‘effective-FIFO’ serial 
input may be used to insert additional control bits into the 
serial data stream, or may be tied to a permanent logic 
LOW or HIGH signal if unused. The SI input of each 
subsequent device is connected to one of the Data Out 
outputs (Qs — Qo) of the preceding device in the chain. 
The final ‘effective-FIFO’ serial output bitstream is taken 
from one of the Data Out outputs of the last device in the 
chain. By choosing different Data Out pins, an additional 
one to nine bits of width can be added per device. 


In ‘paralleled’ operation, the write enable inputs WEN, 
and WENg, and the read enable input REN, may be made 
common for all devices. Since there are multiple write 


WRITE WRITE WRITE 
CLOCK ENABLE ENABLE 


RCK REN 


SERIAL READ READ LOAD/ 
INPUT CLOCK ENABLE SHIFT 
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enable inputs, one of them on each FIFO device may be 
crosscoupled to the Full Flag on another FIFO device, or 
to the logic AND of several such Full Flags, in order to 
prevent any individual FIFO device from getting out of 
synchronization with the overall ‘effective FIFO.’ The 
approach is analogous to the method shown in Figure 11 
for preventing an LH5493 from overrunning its internal 
FIFO boundaries. Implementing the equivalent measures 
during reading always requires some external logic, since 
each LH5493 has just one read enable input. 


Word widths do not have to be a multiple of nine. For 
instance, making the following changes to the circuit of 
Figure 13 adapts it to handle 16-bit parallel data in. The 
Do input and the Qo output need not be used for either 
LH5493. The Q1 output of the LH5493 on the left is 
connected to the SI input of the LH5493 on the right; and 
the Qi output of the LH5493 on the right becomes the 
main ‘Serial Data Out’ output. 


PARALLEL DATA IN 
(18 BIT) 


WEN, WEN,  Do- Dg 


STATUS 
FLAGS | 


RCK REN LD/SSH Q, 


SERIAL 
DATA OUT 


Figure 13. Paralleled Serial Operation (4096 x 18 Bit) 
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ORDERING INFORMATION 


LH5493 U 
Device Type Package 


4K x 9 Parallel-to-Serial FIFO 


- ## 
Speed 


25 
35 Cycle Time (ns) 
50 


32-pin Plastic Leaded Chip Carrier (PLCC32-P-S450) 


4K x 9 Parallel-to-Serial FIFO 





Example: LH5493U-25 (4K x 9 Parallel-to-Serial FIFO, 32-pin PLCC, 25 ns) 
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FEATURES 


e Fast Cycle Times: 25/35/50 ns 
Frequency: 40/28.5/20 MHz 


e Serial Data In; Parallel Data Out 
e Serial Output for Cascading Input Register 


e Two Read Enable Inputs and One Write Enable 
Input, Sampled on Rising Edge of the Appropriate 
Clock 


e Fast Fall-Through Time Internal Architecture Based 
on CMOS Dual-Port RAM Technology, 4096 x 9 


e Fully Asynchronous Read and Write Operations 

e@ Full, Half-Full, Almost-Empty/Full, and Empty Flags 
e Three-State Outputs with Output Enable 

e Reset/Reread Capability 

e TTL and CMOS Compatible I/O 

@ 32-Pin PLCC Package 


FUNCTIONAL DESCRIPTION 


The LH5494 is a FIFO (First-In, First-Out) memory 
device, based on fully-static CMOS RAM technology, 
capable of containing up to 4096 9-bit words. One 
LH5494 FIFO caninput a serial bitstream, and output 9-bit 
bytes in parallel. Thus, a single LH5494 is capable of 
9-bit-to-1-bit SIPO (Serial-In, Parallel-Out) operation. 


An LH5494 has one 1-bit serial input, and one 9-bit 
parallel output (read) port. And there is one 1-bit serial 
output, which supports paralleling LH5494s for longer- 
word-width SIPO operation. This serial output also allows 
additional control bits to be inserted at will into the serial 
output bitstream. 


The LH5494 architecture supports a very convenient 
method of paralleling multiple FIFOs for SIPO operation, 
without any additional logic being needed, in order to 
achieve a wider ‘effective FIFO.’ The paralleled LH5494 
combination remains capable of performing all of the 
operations which a standalone LH5494 can perform. 
Thus, if two LH5494s are paralleled, the combination can 
input a serial bitstream and output 18-bit halfwords for 
1-bit-to-18-bit SIPO operation. This paralleling scheme 
extends without change to an arbitrary number of 
LH5494s. 


The LH5494 architecture supports synchronous oper- 
ation, tied to two independent free-running clocks at the 


input and output ports respectively. However, these 
‘clocks’ also may be aperiodic, asynchronous ‘demand’ 
Signals; they do not need to be synchronized with each 
other in any way. Almost all control input signals and 
status output signals are synchronized to these clocks, to 
simplify system design. The input and output ports oper- 
ate altogether independently of each other, except when 
the FIFO becomes either absolutely full or else absolutely 
empty. 


One edge-sampled enable control input, WEN, is pro- 
vided for the input port; and two such control inputs, REN 
and REN2, are provided for the output port. These syn- 
chronous control inputs may be used as write demands 
and read demands respectively, when an LH5494 is 
interfaced to continuously-clocked synchronous sys- 
tems. Data flow is initiated at a port by the rising edge of 
the clock signal corresponding to that port, and is gated 
only by the appropriate edge-sampled enable control 
input signal(s). 


The following FIFO status flags monitor the extent to 
which the internal memory has been filled: Full, Half-Full, 
Aimost-Empty/Full, and Empty. The Almost-Empty/Full 
flag is asserted whenever the internal memory is either 
within eight locations of ‘empty,’ or else within eight loca- 
tions of ‘full.’ The Half-Full flag serves to distinguish the 
‘almost-empty’ condition from the ‘almost-full’ condition. 
Also, during fully-synchronous operation, the Full flag 
may be tied directly to WEN, and the Empty flag likewise 


PIN CONNECTIONS 


32-PIN PLCC 





Figure 1. Pin Connections for PLCC Package 
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FUNCTIONAL DESCRIPTION (cont’d) Alternatively, the enabling of write or read operations 
may be controlled entirely by external system logic, while 
may be tied directly to REN: or to RENg, in order to the flags serve strictly as system interrupts. This design 
prevent overrunning or underrunning the internal FIFO approach works well when the input port clock and the 
boundaries. (See Figure 11.) output port clock are not synchronized to each other. 


INPUT 7 4K x9 
OUTPUT DATA OUT 


REGISTER RAM ARRAY 
OE 


INPUT OUTPUT 
PORT WRITE READ PORT 
CONTROL | POINTER | POINTER CONTROL 
LOGIC LOGIC 


FLAG LOGIC : 


FE HF AEF EF 





Figure 2. LH5494 Block Diagram 
SIGNAL PIN DESCRIPTIONS 


| SPIN 
Reset. An assertive-LOW input which initializes the internal address pointers and flags. 
WCK Write Clock. A free-running clock input for Write operations. 
RCK Read Clock. A free-running clock input for Read operations. 
S Serial Input. Sl is sampled on the rising edge of WCK, whenever WEN is being asserted. 
SO Serial Output. A serial data output signal, to allow paralleled SIPO operation of multiple devices. 


Qo - Data Outputs. Qo — Qg are updated following the rising edge of RCK, whenever REN1 and REN2 are 
Y both being asserted. 


Write Enable. An assertive-HIGH input signal which is sampled on the rising edge of WCK to control 
the flow of data into the FIFO. 


LD/SH Load/Shift. An input signal which is sampled on the rising edge of WCK to control the load of parallel 
data from Input Shift Register into the FIFO. | 
Read Enable 1. An assertive-HIGH input signal which is sampled on the rising edge of RCK to con- | 
REN, trol the flow of data out of the FIFO. Both REN and RENe2 must be asserted in order to enable a 
read operation. 
Read Enable 2. An assertive-HIGH input signal which is sampled on the rising edge of RCK to con- 
RENo2 trol the flow of data out of the FIFO. Both REN1 and RENe2 must be asserted in order to enable a 


read operation. 


FF Full Flag. An assertive-LOW output indicating when the FIFO is full. 
HF Half-Full Flag. An assertive-LOW output indicating when the FIFO is more than half full. 


Almost-Empty/Full. An assertive-LOW output indicating when the FIFO either is within eight locations 
of full, or else is within eight locations of empty. | 
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ABSOLUTE MAXIMUM RATINGS | 
[SS~S~*~*~*~=séPARRAMETER——“‘SéCL CRATING _—i 


NOTES: 


1. Stresses greater than those listed under ‘Absolute Maximum Ratings' may cause permanent damage to the device. This is a stress rating for 
transient conditions only. Functional operation of the device at these or any other conditions outside those indicated in the ‘Operating Range’ 
of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability. 


2. Outputs should not be shorted for more than 30 seconds. No more than one output should be shorted at any time. 
3. Negative undershoots of 1.5 V in amplitude are permitted for up to 10 ns, once per cycle. 









OPERATING RANGE 
| SYMBOL | ___—PARAMETER | -MIN | MAX __|_UNIT_| 


|Ta___| Temperature, Ambient | 0 | 70 | °C _| 
|Voc | Supplyvottage | 45 | 55 | OV 
/Vss__| SupplyVottage | 0 | OT 
|Vi__| Logic Low input Voltage} -0.5 | 08 | Vv 
Vin__| Logic HIGH input Vottage | 22 | Voc+05 | V | 


NOTE: 
1. Negative undershoots of 1.5 V in amplitude are permitted for up to 10 ns once per cycle. 











DC ELECTRICAL CHARACTERISTICS (Over Operating Range) 
SYMBOL | __—S—s PARAMETER ~——|_—SSTESTCONDITIONS —_—_—|_- MIN | MAX | UNIT | 
lu 

Lo 












: 10 
NOTE: 


1. Icc and Icc2 are dependent upon actual output loading and cycle rates. Specified values are with outputs open; 
and, for Icc, operating at minimum cycle times. 








AC TEST CONDITIONS 

[Panaweren |RATING 
[Input Rise and Fall Times (10%to 90%) | 5ns_| 
| Output Reference Levels | SV 


+5V 


470 OHMS 
DEVICE 
UNDER 
TEST 
240 OHMS 30 pF” 




















* INCLUDES JIG AND SCOPE CAPACITANCES 5404-3 


Figure 3. Output Load Circuit 
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CAPACITANCE 1:2 
PARAMETER | RATING | 
| Cin(InputCapacitance | SPF 





Co (Output Capacitance) | 7pF 


NOTES: 
1. Sample tested only. 
2. Capacitances are maximum values at 25°C, measured at 1.0MHz with Vin = 0 V. 


AC ELECTRICAL CHARACTERISTICS " (Vcc = 5 V + 10%, Ta = 0°C to 70°C) 


symBoL | DESCRIPTION SEE ee 
[siHeo. win [max [win [max [min [Max | 


Cycle Frequency 

Write Clock Cycle Time 

Write Clock High Time 

Write Clock Low Time 

Read Clock Cycle Time 

| tay | Read Clock High Time 

Read Clock Low Time 

Data Setup Time to Rising Clock 
! ton _| Data Hold Time from Rising Clock 
ltes Enable Setup Time to Rising Clock 
teu | Enable Hold Time from Rising Clock 
Data Output Access Time 

| tsa Serial Output Access Time 
tow utput Hold Time 

E to Data Outputs Low-Z * 

E to Data Outputs High-Z ° 
ltoe Output Enable to Data Valid 
Clock to Empty Flag Valid 

| ter _|_ Clock to Full Flag Valid 

/ tue | Clock to Half Flag Valid 

| tacr | Clock to AEF Flag Valid 

Reset Pulse Width 

Reset Setup Time ° 

tae Reset Low to Flag Valid 

| tra | Reset to Data Outputs Low 

First Read Latency 4 

ltewe First Write Latency ° 


NOTES: 

. All timing measurements performed at ‘AC Test Condition’ levels. 

2. Value guaranteed by design; not currently production tested. 

3. trss need not be met unless either a rising edge of WCK occurs while WEN is being asserted, or else a rising edge of RCK occurs while REN 
and REN2 are both being asserted. 

4. teat is the minimum first-write-to-first-read delay, following an empty condition, which is required to assure valid read data. 

5. tewris the minimum first-read-to-first-write delay, following a full condition, which is required to assure successful writing of data. 
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OPERATIONAL DESCRIPTION 


Reset 


The Device is reset whenever the asynchronous 
RESET input (RS) is asserted, i.e., taken to a LOW state. 
A reset operation is required after power up, before the 


first write operation occurs. The reset operation initializes — 


both the read and write address pointers to the first 
physical memory location. After the falling edge of RS, the 
status flags (FF, HF, AEF, and EF) are updated to indicate 
a valid empty condition. 


Read, shift, and/or write operations need not be deac- 
tivated during a reset operation, but failure to do so 
requires observance of the Reset Setup Time (trss), to 
assure that the first write and/or first read following a reset 
operation will occur predictably. 


If no read operations have been performed following a 
reset operation, then the previous data word being held 
inthe output register consists of all zeroes. This data word 
will be seen on the output bus (Qo — Qs) whenever the 
output enable (OE) is held LOW. Likewise, data in the 
input shift register will be initialized to all zeroes after a 
reset operation. 


Write 


A shift operation is initiated on the rising edge of WCK, 
whenever WEN is HIGH and LD/SH is LOW. Data bits 
are shifted from MSB to LSB, with the data bit on the Serial 
Input (SI) replacing the contents of bit position D7 in the 
input shift register, and the Serial Output (SO) copying the 
contents of bit position Do. 


Awrite operation consists of a parallel loading of data 
from the input shift register (bits D7 — Do), and the SI pin 
(bit Dg) to the FIFO memory array. A write operation is 
initiated on the rising edge of the Write Clock input (WCK), 
whenever both the edge-sampled Write Enable input 


(WEN) and the Load/Shift input (LD/SH) are held HIGH. 


When a full condition is reached, shift operations may 
continue, but write operations should be ceased in order 
to prevent overwriting unread data. The state of the status 
flags has no direct effect on shift or write operations, that 
is, the execution of write operations is gated only by WEN, 
and the internal logic of the LH5494 itself has no interlock 
to prevent overrunning valid data after the internal write 
pointer ‘wraps around’ and catches up to the read pointer 
— and passes it, if writing is continued. Figure 11 illustrates 
how such an interlock may be implemented by means of 
external connections. 


Following the first read operation from a full FIFO, 
another memory location is freed up, and the Full Flag is 
deasserted (FF = HIGH). The first write operation should 
begin no earlier than a First Write Latency time (tFWL) after 
the first read operation from a full FIFO, in order to assure 
that a correct data word is written into the FIFO memory. 


LH5494 


Read 


Aread operation consists of loading parallel data from 
the FIFO memory array to the output register. A read 
operation is initiated on the rising edge of the Read Clock 
input (RCK) whenever both of the edge-sampled Read 
Enable inputs (REN1 and RENg) are held HIGH for the 
prescribed setup and hold times. Read data becomes 
valid on the Data Out pins (Qo — Qa) by a time ta after the 
rising edge of RCK, provided that the Output Enable (OE) 
is being held LOW. OE is an assertive-LOW asynchro- 
nous input. When OE is taken LOW, the Qo — Qs outputs 
are driven (i.e., are in a low-Z state) within a minimum 
time ta. When OE is taken HIGH, the Qo — Qs outputs 
are in a high-Z state within a maximum time tqz. The state 
of the four status flags has no direct effect on read 
operations; that is, the execution of read or shift opera- 
tions is gated only by REN and REN2 and LD/SH, and 
the internal logic of the LH5494 itself has no interlock to 
prevent underrunning valid data after the internal read 
pointer catches up to the write pointer — and passes it, if 
reading is continued. Figure 11 illustrates how such an 
interlock may be implemented by means of external 
connections. 


When an empty condition is reached, read operations 
should be ceased until a valid write operation(s) has 
loaded additional data into the FIFO. Following the first 
write to an empty FIFO, the Empty Flag (EF) isdeasserted 
(EF = HIGH). The next read operation should begin no 
earlier than a First Read Latency time (tFRL) from the first 
write operation into an empty FIFO, inorder to ensure that 
correct read data is retrieved. 


Status Flags 


Status Flags are included for Full (FF), Half-Full (HF), 
Almost-Empty/Full (AEF), and Empty (EF). These flags 
are updated at the boundary conditions given in Table 1. 
Flag transitions follow the appropriate rising clock edge 
during an enabled read or write operation. The AEF flag 
is asserted whenever the FIFO either is less than eight 
locations away from an empty boundary, or else is less 
than eight locations away from a full boundary. 


A separate indicator for Almost-Empty may be gener- 
ated by a logical NOR of AEF with the inversion of HF. 
An indicator for Almost-Full may be generated by a NOR 
of AEF with HF. From an assertive-HIGH perspective, the 
NOR gate effectively is performing an AND operation in 
both of these cases. 


Reset, Reread 


The FIFO can be made to reread previously read data 
through a reset operation, which initializes the internal 
read and write address pointers to the first physical 
location in the FIFO memory (location zero). The status 
flags are updated to indicate an empty condition; but up 
to 4096 words of old data, which previously had been 
written into and/or read from the FIFO, still then remains 
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OPERATIONAL DESCRIPTION (cont’d) ations. The First Read Latency (tFRL) specification does 
not apply to reset/reread operations, since no new data 


in the memory array. The status flags may be ignored, are being written to the FIFO following the Reset. 


and data may be reaccessed by subsequent read oper- 


TIMING DIAGRAMS 


NK 


tbs ton 


aa 
WAAR RAIA 


4 


Qo - Qs PREVIOUS DATA XP ONT FN2 oY 


NOTES: 

1. Both WEN and LD/SH must be asserted (HIGH) to enable write operations. 

2. Both REN, and REN.» must be asserted (HIGH) to enable read operations. 

3. EF asserted (LOW) does not prevent further read operations, unless it is tied either to REN, or to REN». 

4. ten, (First Read Latency) - The first read following an empty condition may begin no earlier than tp, after 
the first write to an empty FIFO, in order to ensure that valid data is retrieved. This specification does not apply to 
reset/reread applications, in which the status of FIFO flags is ignored. 

5. Immediately following a reset operation, the ‘previous data’ will be all bits LOW. 





Figure 4. Write and Read Operations in a 
Near-Empty Condition 
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TIMING DIAGRAMS (cont'd) 
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NOTES: 
1. Both WEN and LD/SH must be asserted (HIGH) to enable write operations. 
2. Both REN, and REN, must be asserted (HIGH) to enable read operations. 
3. FF asserted (LOW) does not prevent further write operations, unless it is tied to WEN. 
4. tew, (First Write Latency) - The first write following a full condition may begin no earlier than teyw_after 
the first read from a full FIFO, in order to ensure that valid read data is retrieved. 





Figure 5. Read and Write Operation ina 
Near-Full Condition 
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TIMING DIAGRAMS (cont’d) 
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Figure 6. Serial Shift, Write Timing 
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TIMING DIAGRAMS (cont'd) 


EF AEF i 
ty | 


FFF 1 
a,-a5 \\\\\\\\AAAANN\ WA 


tass 
—_ 
c= teH 
Pe 
trss 
tes ten 
oe 


REN,, 
REN, 


aq is measured with OE held LOW. 
2. tags need not be met unless the rising edge of WCK and/or RCK occurs while that 
clock is enabled. RS operates whether or not WEN, and/or REN, and RENb, are being asserted. 





Figure 7. Reset Timing 


SHARP Rev. A, Oct91 7-139 


LH5494 4K x 9 Serial-to-Paralliel FIFO 





TIMING DIAGRAMS (cont'd) 


REN,, tH Y\\ 
REN» | \ 
NOTES: 


1. HF is HIGH whenever the FIFO is almost-empty, since then it also is less than half-full. 
2. An Almost-Empty flag AE may be implemented, using external logic according to AE = AEF - HF = AEF + HF. 





Figure 8. Almost-Empty Flag Timing 


Table 1. Flag Definitions 
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TIMING DIAGRAMS (cont’d) 





Figure 9. Half-Full Flag Timing 
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TIMING DIAGRAMS (cont'd) 


LD/SH, i \\\ 
WEN I A\ i 


REN,, 
REN, 


NOTES: 
1. HF is LOW whenever the FIFO is almost-full, since then it also is more than half-full. 
2. An Almost-Full flag AF may be implemented, using external logic according to AF = AEF - HF = AEF + HF. 





Figure 10. Almost-Full Flag Timing 


7-142 Rev. A, Oct91 SHARP 


4K x9 Serial-to-Parallel FIFO 


OPERATIONAL MODES 
Synchronous Read and Write Operations 


Read and write operations may be performed in syn- 
chronism with each other by deriving WCK and RCK from 
a common system clock. As such, the Read Enable 
(REN and RENg2), Write Enable (WEN), and Load/Shift 
(LD/SH) inputs all get sampled at the same clock rising 


edge. 


SYSTEM CLOCK 


LOAD/SHIFT DATA 


FULL 

SERIAL INPUT 
SERIAL OUTPUT 
RESET 


HALF 
ALMOST-E/F 





LH5494 


This type of synchronous read/write operation ensures 
that flag outputs always satisfy the required setup and 
hold times for the REN1, REN2, and WEN inputs. Thus, 
the Full Flag output (FF) may be tied directly to WEN, in 
order to prevent ‘overrun’ write operations when the full 
condition is reached. Likewise, the Empty Flag output 
(EF) may be tied directly to REN1 or RENg, in order to 
prevent ‘underrun’ read operations when the empty con- 
dition is reached, while the other Read Enable input 
remains available for system control. 


READ ENABLE 


DATA OUT 


OUTPUT ENABLE 


HALF 
ALMOST-E/F 


Figure 11. Synchronous Operation 
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OPERATIONAL MODES (cont'd) 


Asynchronous Read and Write Operations 


Write operations and read operations may be per- 
formed completely asynchronously relative to each other, 
when the RCK input and the WCK input are derived from 
clock signals of different systems. Under these condi- 
tions, the transition of status flags is performed relative to 
two unpredictably-related clock edges; and so, these 
flags should not be used to directly drive Read Enable or 
Write Enable inputs, since they do not always satisfy valid 
setup times and hold times. 


Instead, it is recommended that these enable signals 
be controlled by the user, in order to ensure that adequate 
setup times and hold times are maintained. If the FIFO 


WRITE CLOCK 
WRITE ENABLE 
LOAD/SHIFT DATA 
FULL 


SERIAL INPUT 
SERIAL OUTPUT 


RESET 


ALMOST-EMPTY 





becomes either completely full or completely empty, then 
some synchronization between read and write operations 
at the full or empty boundaries becomes necessary to 
prevent timing violations. 


When the FIFO is operating in this manner, the 
Almost-Empty/Full flag and Half-Full flag should be used 
to provide some advance warning, to avoid overrunning 
or underrunning a FIFO internal boundary. Typically, 
these flags are used as system interrupts. When an 
interrupt is received by the faster of the two systems, a 
predefined block of data then may be transferred at the 
maximum data rate, as long as there is known to be 
sufficient room for it. In this way the full and empty 
boundaries are never reached, and yet maximum data 
throughput is maintained. 


READ CLOCK 
READ ENABLE 


EMPTY 


DATA OUT 
OUTPUT ENABLE 


ALMOST-FULL 


Figure 12. Asychronous Operation 
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OPERATIONAL MODES (cont'd) 


Cascaded Operation 


Cascaded operation allows LH5494 input shift regis- 
ters to be extended in wordwidth, by interconnecting 
multiple LH5494 devices ina serial chain. The Serial Input 
(SI) of the first device in the chain serves as the ‘effective- 
FIFO’ serial input. The SI pin of any subsequent device is 
connected to the Serial Out (SO) pin of the preceding 
device in the chain. The final ‘effective FIFO’ serial output 
data (if needed) is taken from the SO pin of the last device 
in the chain. 


SERIAL 
DATA 
IN 


WCK WEN LD/SH_ SO 


Qo - Qs 


RESET: 


K REN, REN, 


READ READ - READ 
CLOCK ENABLE ENABLE 





In cascaded operation, the output port may be config- 
ured either for an increase in FIFO depth, or for an 
increase in FIFO wordwidth. When the output port is 
expanded in width, the Read Enable inputs (REN1 and 
REN2) and Output Enable (OE) are common for all 
devices. 


When the output port is expanded in depth, the com- 
mon Data Out pins of multiple devices may be tied 
together. One Read Enable may then be used for system 
control, while the other Read Enable and OE are driven 
by decode logic to direct the flow of data. This decode 
logic should alternate read accesses from one device to 
the next in a sequential manner. 


WRITE WRITE LOAD/ SERIAL 
CLOCK ENABLE SHIFT OUTPUT 


WCK WEN LD/SH SO 


14, STATUS 
FLAGS 


RCK REN, REN, Qo - Qs 


PARALLEL DATA OUT 


(18 BIT) 


Figure 13. Cascaded Serial Operation (4096 x 18 Bit) 
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ORDERING INFORMATION 


LH5494 U - HH 


25 
L_ls Cycle Time (ns) 
50 


Device Type _ Package 


32-pin Plastic Leaded Chip Carrier (PLCC32-P-S450) 


4K x 9 Serial-to-Parallel FIFO 


Example: LH5494U-25 (4K x 9 Serial-to-Parallel FIFO, 32-pin PLCC, 25 ns) 





7-146 Rev. A, Oct91 SHARP 


LH5420 


256 x 36 x 2 Bidirectional FIFO 





FEATURES 


e Fast Cycle Times: 25/30/35 ns 
e Two 256 x 36-bit FIFO Buffers 
e Full 36-bit Word Width 


e Selectable 36/18/9-bit 
Word Width on Port B 


e Fully Asynchronous Port-to-Port 
Communications 


e ‘Synchronous’ Enable-Plus-Clock Control 
at Both Ports 


e RW, Enable, Request, and Address 
Control Inputs Sampled on the Rising 
Clock Edge 


e Synchronous Request/Acknowledge 
‘Handshake’ Capability; Use is Optional 


e Device Comes Up Into Known Default 
State at Reset; Programming is Allowed, 
but is not Required 


e Asynchronous Output Enables 


e 5 Status Flags per Port: Full, Almost-Full, 
Half-Full, Almost-Empty, and Empty 


e Almost-Full Flag and Almost-Empty Flag 
are Programmable 


e Mailbox Registers with 
Synchronized Flags 


e Data Bypass Function 

e Data Retransmit Function 

e Automatic Byte Parity Checking 

e TTL/CMOS-Compatible I/O 

e Space-Saving PQFP * and PGA Packages 


e Mosel MS76542-SSFC and National 
Semiconductor NMF256X36X2 are 
Pin-Compatible and Functionally 
Equivalent 


* This is a final data sheet; except, that all references to the PQFP 
package still have preliminary status. 


FUNCTIONAL DESCRIPTION 


The LH5420 contains two FIFO buffers, FIFO #1 and 
FIFO #2. These operate in parallel, but in opposite direc- 
tions, for bidirectional data buffering. FIFO #1 and FIFO 
#2 each are organized as 256 words by 36 bits. The 
LH5420 is ideal either for wide unidirectional applications 
or for bidirectional data applications; component count 
and board area are reduced. 

The LH5420 has two 36-bit ports, Port A and Port B. 
Each port has its own port-synchronous clock, but the two 
ports may operate asynchronously relative to each other. 
Data flow is initiated on a port by the rising edge of the 
appropriate clock; it is gated by the corresponding edge- 
sampled enable, request, and read/write control signals. 
At the maximum operating frequency, the clock duty cycle 
may vary from 40% to 60%. At lower frequencies, the 
clock waveform may be quite asymmetric, as long as the 
minimum pulse-width conditions for clock-HIGH and 
clock-LOW remain satisfied; the LH5420 is a fully-static 
part. 


Conceptually, the port clocks CKa and CKs are free- 
running, periodic ‘clock’ waveforms, used to control other 
signals which are edge-sensitive. However, there actually 
is not any absolute requirement that these ‘clock’ wave- 
forms must be periodic. An ‘asynchronous’ mode of op- 
eration is possible, in one or both directions, 
independently, if the appropriate enable and request in- 
puts are continuously asserted, and aperiodic ‘clock’ 
pulses of suitable duration are generated by external 
logic. 

Asynchronous request/acknowledge handshake facil- 
ity is provided at each port for FIFO data access. This 
request/ acknowledge handshake resolves FIFO full and 
empty boundary conditions, when the two ports are op- 
erated asynchronously relative to each other. 

FIFO status flags monitor the extent to which each 
FIFO buffer has been filled. Full, Almost-Full, Half-Full, 
Almost-Empty, and Empty flags are included for each 
FIFO. The Almost-Full and Almost-Empty flags are 
programmable over the entire FIFO depth, but are auto- 
matically initialized to eight locations from the respective 
FIFO boundaries at reset. A data block of 256 or fewer 
words may be retransmitted any desired number of times. 


Two mailbox registers provide a separate path for 
passing control words or status words between ports. 
Each mailbox has a New-Mail-Alert Flag, which is syn- 
chronized to the reading port's clock. This mailbox func- 
tion facilitates the synchronization of data transfers 
between asynchronous systems. 
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FUNCTIONAL DESCRIPTION (cont’d) 


Data bypass mode allows Port A to directly transfer 
data to or from Port B at reset. In this mode, the device 
acts as a registered transceiver under the control of 
Port A. For instance, a master processor on Port Acan 
use the data bypass feature to send or receive initializa- 
tion or configuration information directly, to or from a 
peripheral device on Port B, during system startup. 


PIN CONNECTIONS 


TOP VIEW 


PRELIMINARY 





Aword-width-select option is provided on Port B for 36, 
18, or 9-bit data access. This feature allows word-width 
matching between Port A and Port B, with no additional 
logic needed. It also ensures maximum utilization of bus 
bandwidths. 


A Byte Parity Check Flag at each port monitors data 
integrity. These flags are initialized for odd data parity at 
reset, but may be reprogrammed for even parity. 


Figure 1. Pin Connections for 132-Pin Quad Flat Package 
(TOP VIEW) 
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Oo 
MBF, 
O 
Diep 
O 
Dip 
O 
Voce 
O 


O 
Dap 


O 


RS 


O 


NOTE: NC = NO CONNECTION 


O O_ 
REQ, RWa 


Qo oOo 
AE, ENp 


O O 


Diz. Vss 


BOTTOM VIEW 





Figure 2. Pin Connections for 120-Pin PGA Package 


(BOTTOM VIEW) 
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O 
Do7a 


oO 


Daa 


O 


Dosa 


O 
Dara 


O 


Disa 


O 


Vss 


O 
CK, 


O 


Vec 


O 


O 


O 


O 


Dea 


O 


Dsa 


B C 
NOTE: NC = NO CONNECTION 


O 


Daga 


O 


Dosa 


O 


Voca 


O 
D30a 


O 
Daa 


O 


Vssa 


O 
D33a 


O 


Daa 


O 


Dasa 


O 
Dasa 


O 


RT> 


O 


Vss 


TOP VIEW 


256 x 36 x 2 Bidirectional FIFO 





Figure 3. Pin Connections for 120-Pin PGA Package 
(TOP VIEW) 
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PQFP 
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113 
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ACKa 
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PGA 
PIN NO 





PQFP 
PIN NO 
100 
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Do24B 
D26B 
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SIGNAL 
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SIGNAL PQFP 
NAME PIN NO. | PIN NO. 
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PORTA [ PORT B 
CONTROL CONTROL 


Figure 4a. Simplified LH5420 Block Diagram 





| BYPASS | 


REGISTER 
#1 


REGISTER 
#2 


z FIFO #1 s 
| MEMORY ARRAY 


256 x 36 


: | WRITE READ 
| POINTER | | POINTER 


PROGRAMMABLE 
STATUS FLAGS 


COMMAND 
PORT AND 


REGISTER REGISTER 


| SYNCH- 
RONOUS 

i CONTROL 

LOGIC 


ee eee oe 


— | —— 


EF, 
AE, 
RT, 


a 


ae 


AF 2 
HF2 


PROGRAMMABLE 
STATUS FLAGS 


si 


OE, 
PFa 
. . Dog - D 
Doa - Dasa | : ! | op ~ Dasp 
3 fo] FIFO #2 WS,, WS, 


MEMORY ARRAY 
256 x 36 


OE, 
PF, 


| PARITY | : ) i | PARITY 
CHECKING | RESOURCE | CHECKING 
: , REGISTERS | 


Figure 4b. Detailed LH5420 Block Diagram 
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PIN DESCRIPTIONS 
[PIN] PINTYPE* | DESCRIPTION, 


GENERAL 


RS aaa a ae 


[1 [Pot arree-Running ook 
[1 [Pot Azdge Sampled Readiwrte Corot 
Pena [| Pon Edge Sampledenabie 
[Aon AaAoa | 1 | PonAEdge Sampled AdcressPhs 















VO/Z Port A Bidirectional Data Bus 
Port ALevel-Sensitive Output Enable 
FIFO #1 Full Flag (Write Boundary) 


fe 
ss i 
| © _| FIFO #1 Programmable Almost-Full Flag (Write Boundary) 
|| FIFO#1Hal-FulFlag 
| © __| FIFO#2 Programmable Almost-Empty Flag (Read Boundary) _ 
EF, | © | FIFO#2 Empty Flag(ReadBoundary) 
| © | Port AMailbox New-Mail-Alert Flag for Mailbox #2 
| 0 | PotAPartyFlag 
|| PortARequesvEnable 
| 0 | PortAAcknowledge 
| 1 | FiFO#2Retransmit 
yorz 





























ai 

a oe i 

ed | 
we! i 

beet 

| O__| FIFO#2FullFlag (Write Boundary) 
| 0 _| FIFO #2 Programmable Almost-Full Flag (Write Boundary) 
| 0 | FIFO#2HatFuIFlag 
| 0 _| FIFO #1 Programmable Almost-Empty Flag (Read Boundary) _| 
| 0 | FIFO#1 Empty Flag (Read Boundary) 
| © | Port B Mailbox New-Mail-Alert Flag forMallbox#1 
| 0 | PotBPartyFag 
||| PortBWord-Width Select 
||| Pon Requesvenable 
ni 


Port B Acknowledge 
FIFO #1 Retransmit 


* | = Input, O = Output, Z = High-Impedance, V = Power Voltage Level 
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ABSOLUTE MAXIMUM RATINGS ! 
| = PARAMETER-—— iT S————CORATINGS——__si'| 


Supply Voltage to Vss Potential -O.5Vto7V 
Signal Pin Voltage to Vss Potential ° -0.5Vto Vcc +0.5V 


Storage Temperature Range —65°C to 150°C 
Power Dissipation (Package Limit) 2 Watts (Quad Flat Pack) 





NOTES: 


1. Stresses greater than those listed under ‘Absolute Maximum Ratings’ may cause permanent damage to the device. This is a stress rating for 
transient conditions only. Functional operation of the device at these or any other conditions outside those indicated in the ‘Operating Range’ 
of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability. 


2. Outputs should not be shorted for more than 30 seconds. No more than one output should be shorted at any time. 
3. Negative undershoot of 1.5 V in amplitude is permitted for up to 10 ns, once per cycle. 


OPERATING RANGE 
SYMBOL | ___PARAMETER | MIN | MAX _|_UNIT_| 










Supply Voltage 
|Vss__| Supplyvotage =| 0 | OT 
| Vi___| Logic LOW input Vottage'| -0.5 | 08 | V_ 
|Vin_ | Logic HIGH Input Votage | 22 | Vec+05 | V_| 







3. Negative undershoot of 1.5 V in amplitude is permitted for up to 10 ns, once per cycle. 


DC ELECTRICAL CHARACTERISTICS (Over Operating Range) 


Input Leakage Current Vec = 5.5 V, Vin= 0 V To Vcc | -10 | 10 | pA | 
l/O Leakage Current OE = Vin, 0 V < Vout < Voc 


< p-10 | 10 | pA 
|Vor_| LogicLow Output votage | lou=80mA || | 
[Vou | LogicHIGH Output Voltage | lon=-2.0maA_ | 24 | 
[loc | Average Supply Current! | Measured atfc=max |_| 280 | mA | 
[loca | Average Standby Supply Current ' | Allinputs = Vinwin (Clock idle) ||| mA 
Power-Down Supply Current’ | Allinputs=Vec-0.2V(Clockidle) | | 


4. Icc, Icce, and Icc3 are dependent upon actual output loading, and Icc is also dependent on cycle rates. Specified values are with outputs open; 
and, for Icc, operating at minimum cycle times. 
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AC TEST CONDITIONS 












PARAMETER | RATING _| 


Input Pulse Levels Vssto3 V 


Input Rise and Fall Times | Sn 
(10% to 90%) 


CAPACITANCE 12 
[PARAMETER | —CRATING 


1. Sample tested only. 










+5V 


470 OHMS 


DEVICE 
UNDER 
TEST 
240 OHMS 


* INCLUDES JIG AND SCOPE CAPACITANCES 5420-7 





Figure 5. Output Load Circuit 


2. Capacitances are maximum values at 25°C, measured at 1.0MHz with Vin = 0 V. 
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AC ELECTRICAL CHARACTERISTICS ! (Vcc = 5 V + 10%, TA = 0°C to 70°C) 
dates i. ee eee ela 


| foc | Clock CycleFrequency | | 4 | — | 88 | — | 285 | MHZ 

| toc | Clock CycleTime | | 

tow | ClockHighTime | tT — CT 

to. | ClockLowTime | tT 

| tops | DataSetupTime 

| ton | DataHoldTime 
| 



















6 
| Enable Hold Time ® 
tRws Read/Write Setup Time 
1 
6 
6 


| ReadMriteHoldTime 
| 


] 


t 
tAH Address Hold Time 

Data Output Access Time 
F 


tACK 


taF Clock to AF Flag Valid (Almost-Full 


tMBF Clock to MBF Flag Valid (Mailbox Flag) 
tPF Data to Parity Flag Valid 


Reset/Retransmit Pulse Width ’ 


Reset/Retransmit Setup Time ° 


| Reset/Retransmit Hold Time 
tRF Reset Low to Flag Valid 


: 3 
. 4 
: 5 


XZ 


A 
t 

tEF 
tFF 
tH 


First Read Laten 


FWL 
NOTES: 


1. Timing measurements performed at ‘AC Test Condition’ levels. 

2. Values are guaranteed by design; not currently production tested. 

3. trss and/or tasH need not be met unless a rising edge of CKa occurs while ENa is being asserted, or else a rising edge of CKg occurs while ENg 
is being asserted. 

4. teriis the minimum first-write-to-first-read delay, following an empty condition, which is required to assure valid read data. 

5. trwcis the minimum first-read-to-first-write delay, following a full condtion, which is required to assure successful writing of data. 

6. tas, taH address setup times and hold times need only be satisfied at clock edges which occur while the corresponding enables are being as- 
serted. 

7. First number used only when CKa or CKg is enabled; trs = trss + tcH + tRSsH. 
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OPERATIONAL DESCRIPTION 


Reset 


__The device is reset whenever the asynchronous Reset 
(RS) input is taken to a LOW state. A reset is required 
after power-up, before the first write operation may occur. 
The LH5420 is fully ready for operation after reset. No 
device programming is required if the default states 
described below are acceptable. 

A reset operation initializes the read-address and 
write-address pointers for FIFO #1 and FIFO #2 to those 
FIFO's first physical memory locations. FIFO and mailbox 
status flags are updated to indicate an empty condition. 
In addition, the programmable-status-flag offset values 
are initialized to eight. Thus, the AEs/AE2 flag gets 
asserted within eight locations of an empty condition, and 
the AF1/AF?2 flag likewise gets asserted within eight loca- 
tions of a full condition, for FIFO #1/FIFO #2 respectively. 


Bypass Operation 


During reset (whenever RS is LOW) the device acts 
as a registered transceiver, bypassing the internal FIFO 
memories. Port A acts as the master port. A write or read 
operation on Port A during reset transfers data directly to 
or from Port B. Port B is considered to be the slave, and 
does not permit write or read operations during reset. The 
direction of the bypass data transmission is determined 
by th R/Wa control input, which does not get overridden 
by the RS input. The bypass capability may be used to 
pass initialization or configuration data directly between 
a master processor and a peripheral device at reset. 


Address Modes 


Address pins select the device resource to be 
accessed by each port. Port A has three resource-regis- 
ter-select inputs, Aoa, A1A, and Aza, which select between 
FIFO access, mailbox-register access, and flag-offset- 
value-programming operating mode. Port B has a single 
address input, Aos, to select between FIFO access or 
mailbox-register access. The status of the 
resource-register-select inputs is sampled at the rising 
edge of an enabled clock (CKa or CKs). Select-input 
definitions are summarized in Table 1. 


FIFO Write 


Port Awrites to FIFO #1, and Port B writes to FIFO #2. 
Awrite operation is initiated on the rising edge of a clock 
(CKa or CKp) whenever: the appropriate enable (ENa or 
ENp) is held HIGH; the Read/Write control (R/Wa or 
R/Wp) is held LOW; the FIFO address is selected; and 
the prescribed setup and hold times are observed for all 
of these signals. Setup and hold times must also be ob- 
served on the data-bus pins (Doa — Dasa or Dos — Dass). 

When a FIFO full condition is reached, write operations 
are locked out. Following the first read operation from a 
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full FIFO, another memory location is freed up, and the 
corresponding Full Flag is deasserted (FF = HIGH). The 
first write operation should begin no earlier than a First 
Write Latency (tFw.) after the first read operation from a 
full FIFO, to ensure that correct read data is retrieved. 


FIFO Read 


Port Areads from FIFO #2, and Port B reads from FIFO 
#1. A read operation is initiated on the rising edge of a 
clock (CKa or CKg) whenever: the appropriate enable 
(ENa or ENp) is held HIGH; the Read/Write control (R/Wa 
or R/Ws) is held HIGH; and the FIFO address is selected; 
and the prescribed setup and hold times are observed for 
all of these signals. Read data becomes valid on the 
data-bus pins (Doa — Dasa or Dos — Dasp) by a time ta 
after the rising clock (CKa or CK) edge, provided that the 
data outputs are enabled. 

OEa and OEs are assertive-LOW, asynchronous out- 
put enables. Their effect is only to enable or disable the 
output drivers of the respective Port. Disabling the outputs 
does not disable a read operation; data transmitted to the 
corresponding output register will remain available later, 
when the outputs are again enabled, unless subsequently 
overwritten. 

When an empty condition is reached, read operations 
are locked out until a valid write operation(s) has loaded 
additional data into the FIFO. Following the first write to 
an empty FIFO, the corresponding empty flag (EF) will be 
deasserted (HIGH). The first read operation should begin 
no earlier than a First Read Latency (tFRL) after the first 
write to an empty FIFO, to ensure that correct read data 
is retrieved. 


Table 1. Resource Register Addresses 
















= 
a 
7 
O 


AFo2, AE2, AF1, AE1 Flag 
Offset Registers | 


Parity Mode Bit 

AE: Flag Offset Register 
AF Flag Offset Register 
AE2 Flag Offset Register | 
AF2 Flag Offset Register 


| PORT B | 
ee 0c 
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OPERATIONAL DESCRIPTION (cont’d) 


Dedicated FIFO Status Flags 


Six dedicated FIFO status flags are included for full 
(FF1 and FF2), half-full (HF1 and HF2), and empty (EF1 
and EF2). FF1, HF1, and EF} indicate the status of FIFO 
#1; and FF2, HF2, and EF 2 indicate the status of FIFO #2. 

A full flag is asserted following the rising clock edge for 
awrite operation that fills the FIFO. A full flag is deasserted 
following the falling clock edge for a read operation to a 
full FIFO. A half-full flag is updated following the rising 
clock edge of a read or write operation to a FIFO. An 
empty flag is asserted following the rising clock edge for 
a read operation that empties the FIFO. An empty flag is 
deasserted following the falling clock edge for a write 
operation to an empty FIFO. 


Programmable Status Flags 


Four programmable FIFO status flags are provided, 
two for almost-full (AF1 and AF2) and two for almost- 
empty (AE1 and AE2). Thus, each port has two program- 
mable flags to monitor the status of the two internal FIFO 
buffer memories. The offset values for these flags are 
initialized to eight locations from the respective FIFO 
boundaries during reset, but can be reprogrammed over 
the entire FIFO depth. 

Flag offsets may be written or read through the Port A 
data bus. All four programmable FIFO status flag offsets 
can be set simultaneously through a single 36-bit status 
word; or, each programmable flag offset can be set indi- 
vidually, through one of four 8-bit status words. Table 3 
illustrates the data format for flag-programming words. 


Mailbox Operation 


Two mailbox registers are provided for passing con- 
trol/status words between ports. Each port can read its 
own mailbox and write to the other port’s mailbox. Mailbox 
access is performed on the rising edge of the controlling 
FIFO’s clock, with the mailbox address selected and the 
enable (ENa or ENg) HIGH. That is, writing to Mailbox 


Register #1, or reading from Mailbox Register #2, is 


synchronized to CKa; and writing to Mailbox Register #2, 
or reading from Mailbox Register #1, is synchronized to 
CKe. 

The R/Wwve and OE pins control the direction and 
availability of mailbox-register access. Each mailbox reg- 
ister has its own New-Mail-Alert Flag, which is synchro- 
nized to the reading port’s clock. These New-Mail-Alert 
Flags are status indicators only, and cannot inhibit mail- 
box-register read or write operations. 


Request Acknowledge Handshake 


An optional, synchronous, request-acknowledge 
handshake feature is provided for each port, to perform 
boundary synchronization between asynchronously-op- 
erated ports. The Request input (REQavs) is sampled at 
a rising clock edge. With REQap HIGH, R/Wap deter- 
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mines whether a FIFO read or FIFO write operation is 
being requested. The Acknowledge output (ACKayp) is 
updated during the following clock cycle(s). ACKavs 
meets the setup and hold time requirements of the Enable 
input (ENa or ENp). Therefore, ACKag may be tied back 
to the enable input to directly gate FIFO accesses, at a 
slight decrease in maximum operating frequency. 

The assertion of ACKave signifies that REQa/B was 
asserted. However, ACKave does not depend logically on 
ENyve; and thus the assertion of ACKavg does not prove 
that a FlFO write access or read access actually did occur. 
While REQavB and ENav are being held HIGH, ACKwe 
may be considered as a synchronous, predictive bound- 
ary flag. That is, ACKayp acts as a synchronized predictor 
of the full flag for write operations, or as a synchronized 
predictor of the empty flag for read operations. Outside 
the ‘almost-full’ region and the ‘almost-empty’ region, 
ACKaz remains continuously HIGH whenever REQavs is 
held continuously HIGH. Within the ‘almost-full’ region or 
the ‘almost-empty’ region, ACKavg occurs only on every 
thirdcycle, to prevent an overrun of the FIFO’s actual full 
or empty boundaries and to ensure that the tFwi (first 
write latency) and tert (first read latency) specifications 
are satisfied before ACKave is received. The ‘almost-full 
region’ is defined as ‘that region, where the almost-full flag 
is being asserted,’ and the ‘almost-empty region’ as ‘that 
region, where the almost-empty flag is being asserted.’ 
Thus, the extent of these ‘almost’ regions depends on how 
the system has programmed the offset values for the 
Almost-Full Flags and the Almost-Empty Flags. If the 
system has not programmed them, these offset values 
remain at their default values, eight in each case. 


If a write attempt is unsuccessful because the corre- 
sponding FIFO is full, or if a read attempt is unsuccessful 
because the corresponding FIFO is empty, ACKavs is not 
asserted in response to REQavs. 

If the REQ/ACK handshake is not used, then the 
REQave input may be used as a second enable input, at 
a possible minor loss in maximum operating speed. In this 
case, the ACKavg output may be ignored. 


WARNING: Whether or not the REQ/ACK handshake is 
being used, the REQave input for a port must be asserted 
for the corresponding FIFO to operate. 


Data Retransmit 


Aretransmit operation resets the read-address pointer 
of the corresponding FIFO (#1 or #2) back to the first FIFO 
physical location, so that data may be reread. The write 
pointer is not affected. The status flags are updated; and 
a block of up to 256 data words, which previously had 
been written and read from a FIFO, can be retrieved. The 
block to be retransmitted is bounded by the first FIFO 
location and the FIFO location addressed by the write 
pointer. FIFO #1 retransmit is initiated by strobing the RT1 
pin LOW. FIFO #2 retransmit is initiated by strobing the 
RT2 pin LOW. Read andwrite operations to a FIFO should 
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OPERATIONAL DESCRIPTION (cont’d) 


be stopped while the corresponding Retransmit signal is 
being asserted. 


Parity Check 


The Parity Check Flags, PF and PFp, reflect the parity 
status of the data present on the corresponding port’s 
data bus. The four bytes of a 36-bit word are grouped as 
Do — Ds, Dg — D17, Dig — Das, and Dae — Das; the parity 
of each 9-bit byte is individually checked, and the four 
single bit parity indications are logically ORed to produce 
the Parity-Flag output. Parity checking is initialized for odd 
parity at reset, but can be reprogrammed for even or odd 
parity during operation. 


Word-Width Selection on Port B 


The word width of data access on Port B is selected 
by the WS; and WSo control inputs. WS is tied HIGH for 
36-bit access. WS1 and WSo are both tied LOW for 
single-byte access. For double-byte access, WS1 is tied 
LOW and WSo is tied HIGH. 


LH5420 


In the single-byte or double-byte access mode, FIFO 
write operations on Port B pack the data to form 36-bit 
words when viewed from Port A. Similarly, single-byte or 
double-byte FIFO read operations on Port B essentially 
unpack 36-bit words through a series of shift operations. 
FIFO status flags are updated following the last access 
which forms a complete 36-bit transfer. 

Note that the word-width programming feature is only 
supported for FIFO accesses. Mailbox and Data Bypass 
operations do not support word-width matching between 
Port Aand Port B. Table 2, Figure 3 and Figure 4 summa- 
rize word-width selection for Port B. 


Table 2. Port B Word-Width Selection 


| PORT B DATA WIDTH | 


18-Bit 
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Table 3. Flag Programming Words 


36-BIT MODE (Aza, A1a, Aoa) = 1, 0, 1 


AF2 Offset ! AE2 Offset | AF; Offset ' AE; Offset ' 


-8-BIT AE; FLAG (Aaa, Ata, Aoa) = 0, 1, 1 | 


AE; Offset 1 


8-BIT AF; FLAG (Aza, Ata, Aoa) = 0, 1, 0 
D7a...Doa 
AF Offset ! 
8-BIT AE2 FLAG (Aza, A1a, Aoa) = 0, 0, 1 
AE> Offset ! 
8-BIT AF2 FLAG (Aza, A1a, Aoa) = 0, 0, 0 
D7a...Doa 


AF2 Offset 1 


PARITY MODE (Az, Aj, Ao) = 1, 0, 0 (WRITE ONLY) 


X Parity Mode 2 





NOTES: 
1. All four programmable-fiag-offset values are initialized to eight (8) during a reset operation. 
2. Odd parity = HIGH; even parity = LOW. The parity mode is initialized to odd during a reset operation. 


Table 4. Flag Definition Table 





VALID READ CYCLES REMAINING VALID WRITE CYCLES REMAINING 


FIAG=-LOw | _FLAG=WGH |‘ FLAG=LOW 
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PORT B WORD-WIDTH SELECTION 


36-Bit Data Stream 18-Bit Data Streams 


Bits 18-35 
D350 (2nd Halfword) 


2nd Halfword, then 1st Halfword 


PORT 
B 


1st Halfword, then 2nd Halfword 


Bits 0-17 
(1st Halfword) 





Figure 6a. 36-to-18 Funneling Through FIFO #1 


36-Bit Data Stream 9-Bit Data Streams 


Bits 27-35 Dose 


4th Byt 
( ed 4th Byte, then 1st Byte, then 2nd Byte, then 3rd Byte 
—_ Do7B 
D 
Bits 18-26 26B 
(Grd Byte ASSES 


3rd Byte, then 4th Byte, then 1st Byte, then 2nd Byte 


r 
a Qi 
"Te geo, 7 QE is 
NY 
P 


Diga 


2nd Byte, then 3rd Byte, then 4th Byte, then 1st Byte 


oO 


9B 


Dea Bits 0-8 Dep 
(ist Byte) 
1st Byte, then 2nd Byte, then 3rd Byte, then 4th Byte 
Doa Dog 
5420-34 
Figure 6b. 36-to-9 Funneling Through FIFO #1 
NOTES: 
1. The heavy black borders on register segments indicate the main 3. The word-width setting may be changed during system operation; 
data path, suitable for most applications. Alternate paths feature however, two clock intervals should be allowed for these signals 
a different ordering of bytes within a word, at Port B. to settle, before again attempting to read Dog — Dass. Also, 
2. The funneling process does not change the ordering of bits within incomplete data words may occur when the word width is 
a byte. Halfwords (Figure 6a) or bytes (Figure 6b) are trans- changed from shorter to longer, at an inappropriate point in the 
ferred in parallel form from Port A to Port B. data block passing through the FIFO. 
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PORT B WORD-WIDTH SELECTION 


36-Bit Data Stream 18-Bit Data Stream 


Ds 


B 


1st Halfword, then 2nd Halfword 


Bits 0-17 
(1st Halfword) 





Figure 7a. 18-to-36 Defunneling Through FIFO #2 


36-Bit Data Stream 9-Bit Data Stream 


Dasa 


Bits 27-35 
(4th Byte) 


Bits 18-26 
(3rd Byte) 


Bits 9-17 
2nd Byte) 


ae Byte) 1st Byte, then 2nd Byte, then 3rd Byte, then 4th Byte 





Figure 7b. 9-to-36 Defunneling Through FIFO #2 


NOTES: 

1. The heavy black borders on register segments indicate the only 3. The word-width setting may be changed during system operation; 
data paths used. The other byte segments of Port B do not par- however, two clock intervals should be allowed for these signals 
ticipate in the data path during defunneling. to settle, before again attempting to send data. Also, incomplete 

2. The defunneling process does not change the ordering of bits data words may occur when the word width is changed from 
within a byte. Halfwords (Figure 7a) or bytes (Figure 7b) are shorter to longer, at an inappropriate point in the data block pass- 
transferred in parallel form from Port B to Port A. ing through the FIFO. 
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TIMING DIAGRAMS 


HA, FEW 1/1 


NOTES: 
1. RS overrides all other input signals, and operates asynchronously. 
RS operates whether or not EN, and/or ENg are asserted. 
2. tass, tasy Need not be met unless the rising edge of CK, and/or CK, occurs 
while that clock is enabled. 
3. The parity check is initialized to odd byte parity at reset. 
4. The AE and AF flag offsets are initialized to eight locations from the boundary at reset. 





Figure 8. Reset Timing 
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TIMING DIAGRAMS (cont'd) 


HELLA Tmt | mm 
“egos 
HELL — | A 


tgs 


Dos - Dase 


OE, 


) BYPASS 


Dog - Dasa PREVIOUS DATA (| OUT 


NOTES: 
1. tass, tasy need not be met unless the rising edge of CK, or CKg occurs while that clock is enabled. 
2. Port A is considered the master port for bypass operation. Thus, CK,, R/Wa, and EN, control the 
transmission of data between ports at reset. 





Figure 9. Data Bypass Timing 
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TIMING DIAGRAMS (cont'd) 


READ FROM WRITE TO 
FIFO #2 FIFO #1 
taws 
Ss 
s 


tcc 
H tc 


Eee 
See 
rw, HLTH pe 


fom 


Ne TNH NU ANXVNLANAAINAAN 


aL 
ae aa a a 
TM 
sf 
fs 


» TD TW 
ae 
» ZG TW 


ton TNF NV 


OE, 
e] Be) | 
ou: Oun {lf rarvoosonra {oxo 


sca Cam) a C0 AH 


ES: 
The Port A Parity Error Flag (PF,) reflects the parity status of data present on the data bus. 
The status of OE, does not gate read or write operations. 


bee 
WU IANM 


feel 
AXAUNUANIINAY 


RWH 
t 
t 
t 


NOT 
1 
2. 
3. If OE, is left LOW during a write operation, then the previous data held in the output latch is 

written back into FIFO #1. 

5420-24 


Figure 10. Port A FIFO Read/Write 
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TIMING DIAGRAMS (cont’d) 


READ FROM WRITE TO 
FIFO #1 FIFO #2 


toc 
tawH 
- \ 
ea << 
i) 
i) 


AY ann 
a a 
LLL AAAI; AAAI 


ANNAANUANAAIANY 


HILLS 


HL NI: 


DH 


V1 PREVIOUS DATA y DATA OUT |  DATAIN 
i 


toe 


Pra MAMA vauore Xf vauoer XA vars OK 
NOTES: 


1. The Port B Parity Error Flag (PFa) reflects the parity status of data present on the data bus. 

2. The status of OE, does not gate read or write operations. 

3. If OE is left LOW during a write operation, then the previous data held in the output latch is 
written back into FIFO #2. 





Figure 11. Port B FIFO Read/Write 
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WRITE TO READ FROM 
MAILBOX #1 MAILBOX #2 


Wh ri ho ee 
ro a su 
via _ pg 
" na aoe! A 


Tm a [emo 


TL 
CYCLES | LATENCY 


MBF, ae 
OE, 
ta 
aT | 


DD | a |) ES 


NOTES: 
1. Both edges o of MBF, are synchronized to the Port A clock, CKg. 
2. zai of MBF, are synchronized to the Port B ue CKg. 
3. a maximum of 2 Cg clock cycles of synchron Zation latency before e MBF, 


: 


m 
=z 


> 
> 


> 


2 





aie indicate valid new mailbox data 
4. The status of rieiibox tags doe ot prev ent mailbox ead or write operation 


Figure 12. Port A Mailbox Access 
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TIMING DIAGRAMS (cont’d) 


WRITE TO READ FROM 
MAILBOX #2 MAILBOX #1 


taws 


eT i 
NI EEL RU 
TF — MW MI 


| mot | bo 


tuBF 


MAXIMUM OF 2 CK, 
CYCLES LATENCY 
J 
oe —_ ([oasocon 


NOTES: 
1. Both edges of MBF, are synchronized to the Port A clock, CK,. 
2. Both edges of MBF, are synchronized to the Port B clock, CKg. 
3. There is a maximum of 2 CK, clock cycles of synchronization latency before MBF, 
is asserted to indicate valid new mailbox data. 
4. The status of mailbox flags does not prevent mailbox read or write operations. 





Figure 13. Port B Mailbox Access 
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TIMING DIAGRAMS (cont'd) 


LOAD FLAG READ FLAG 
POSITIONS POSITIONS 


Ri nmk_|_ AAA 


a = AACA 
’ VUTATATATATATAT — ' 


AAA AW 


LT 


tes 


t 


| 


TY 
ANY 
tas 


i CN 


CCC 


Se 


XA | 


tas 


WKY AXA XAMAXAXEXAXA 


tos 


i 
Li 


cs 
<—— 
a) cat 
<— 


Don - Dasa FLAG DATA IN { FLAG DATA OUT 


tr 


nN 


AE,, AE2, AF,, AF 


NOTES: 
1. For valid flag address codes and data formats, see Table 3. 
2. If flag status is altered by flag programming, the updated flags will be valid within a time tar. 





Figure 14. Flag Programming 
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TIMING DIAGRAMS (cont'd) 


CK, (CKg) 


aia 
mem TUTTE ANN 


a 
Ena ENS) f/lI/f NU 


ter 


EF2 (EF;) 


CK, (CK,) 


taws | trawy 


PA (RAMA) om | om 


LS sstomnt 
2 (4) Th MM 





NOTE: Ada, Aya, Aga, and Aog are all HIGH for FIFO access. 


Figure 15. Empty Flag Timing 
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TIMING DIAGRAMS (cont’d) 


CK, (CK,) 


a a 
TE ANNI 


ae eet 
ewer) [TT NAIM 


tac 


AEp (AE}) 


Cg (CK,) : 


taws | tawH 


Py (PUMA) mt | tom 


sta 
en EN mit MM 


NOTE: Aza, Aja, Aoa, and Aog are all HIGH for FIFO access. 





Figure 16. Almost-Empty Flag Timing 
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TIMING DIAGRAMS (cont'd) 


CK, (CK) 


taws | tawH 


PAWN, (PWa) mn | im 


a 
enemy TT ANI 


tee 
FF, (FF) 


CKg (CK,) 


ae 
TE ANN 


seetaniag 
ENs (ENA LITE NUN 


NOTE: Aza, Aya, Aoa, and Aog are all HIGH for FIFO access. 





Figure 17. Full Flag Timing 
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TIMING DIAGRAMS (cont'd) 


CK, (CKg) 


taws | tawH 


PAW, (RA) mt | ‘om 


ended 
ewe) [5 NAAN 


tar 
AF, (AF2) 


CKg (CK,) 


taws _| tawny 


; ne 
Pilg (RAW) HLA WI 


aie: 
ie TLE TM 


NOTE: Aga, Aia, Apa, and Aog are all HIGH for FIFO access. 





Figure 18. Almost-Full Flag Timing 
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TIMING DIAGRAMS (cont'd) 


CK, (CK) ; | 


taws | tawi 


PA, (RAS ot | im 


[cae aa 
ena €Ns) TTT AAAI 


HF; (HF2) 


CKg (CKa) 


ae ae 
heii Tm | Ww 


ae 
ENg (EN) MLE NUM 





NOTE: Ada, Aja, Aga, and Aog are all HIGH for FIFO access. 


Figure 19. Half-Full Flag Timing 


7-174 Rev. A, Oct91 SHARP 


256 x 36 x 2 Bidirectional FIFO LH5420 


TIMING DIAGRAMS (cont'd) 


_ nie 


i 


tes 


mh A __A— 
m i 


RSS 


el 


Ne [Hilf I LE 


NOTES: 
1. tass and tag, need not be met unless a rising edge of CK, or CKg occurs while that clock is enabled. 
2. tass is the time needed to deassert RT2 before returning to a normal FIFO cycle. 
3. tasy is the time needed before asserting RT» after a normal FIFO cycle. 





Figure 20. FIFO #2 Retransmit 
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TIMING DIAGRAMS (cont'd) 


nat 
wpe | pele, 
tes a 
HH A \\WA\\Y 


= 
RSH 


t 


RW, 


bt 


| Ne [Th TM om 


1. tass and tas} need not be met unless a rising edge of CK, or CKg occurs while that clock is enabled. 
2. tass is the time needed to deassert RT, before returning to a normal FIFO cycle. 
3. tas} is the time needed before asserting RT, after a normal FIFO cycle. 





Figure 21. FIFO #1 Retransmit 
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TIMING DIAGRAMS (cont'd) 


PREVIOUS DATA 


NOTES: 
1. Aza, Aya, Aga, and Aog are ali held HIGH for FIFO access. 
2. OE, is held HIGH. 
3. OE, is held LOW. 
4. ten, (First Read Latency) - The first read following an empty condition 
may begin no earlier than t-,, after the first write to an empty FIFO, 
to ensure that valid read data is retrieved. 





Figure 22. FIFO #1 Write and Read Operation in 
Near-Empty Region 
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TIMING DIAGRAMS (cont'd) 


CKg 


RW, 


ENep 


Dos - Das 


CK, 


ENa 


Don - Dasa 


NOTES: 


rk 
tor =a 
il 


tos 


aC aS 


F 
‘ Kt 


ter 


La 


teat 





PREVIOUS DATA 


1. Asa, Aya, Aga, and Aog are all held HIGH for FIFO access. 


2. OE, is held HIGH. 
3. OE, is held LOW. 


4. ter, (First Read Latency) - The first read following an empty condition 
may begin no earlier than tep, after the first write to an empty FIFO, 
to ensure that valid read data is retrieved. 


7-178 


; 5420-17 
Figure 23. FIFO #2 Write and Read Operation in 
Near-Empty Region 
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TIMING DIAGRAMS (cont'd) 


cones 


Dog - Dasa PREVIOUS DATA 


NOTES: 
1. Aca, Ara, Aga, and Aog are all held HIGH for FIFO access. 
2. OE, is held HIGH. 
3. OE, is held LOW. 
4. tew, (First Write Latency) - The first write following a full condition 
may begin no earlier than tey, after the first read from a full FIFO, 
to ensure that valid write data is written. 


Figure 24. FIFO #1 Read and Write Operation in 
Near-Full Region 
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TIMING DIAGRAMS (cont'd) 


Des Dass AAAI ADA a A) 


=i 


A 
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1. Aza, Aya, Aga, and Aog are all held HIGH for FIFO access. 

2. OE, is held LOW. 

3. OE, is held HIGH. 

4. tew, (First Write Latency) - The first write following a full condition 
may begin no earlier than t-y, after the first read from a full FIFO, 
to ensure that valid write data is written. 


Doa - Dasa PREVIOUS DATA 





Figure 25. FIFO #2 Read and Write Operation in 
Near-Full Region 
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TIMING DIAGRAMS (cont'd) 


tp 


it BITS 1) Birs YVV Bits i BITS a BITS 
N\A 9-17 AAA 1835 AAA 0-17 AAA 18-35 AAA 0-17 


| 
WORD #n WORD #n+1 WORD #n+2 


(ENE NEN 
AA 18-35 AAA 0-17 AAA 18-35 ANA 0-17 AAA 18-35 AA 
| | | 


WORD #n WORD #n+1 WORD #n+2 


NOTES: 
1. Aog is held HIGH for FIFO access. 
2. OEg is held LOW. 
3. WS, is held HIGH and WS, is held LOW for double-byte access. 





Figure 26. Port B Double-Byte FIFO #1 Read Access for 
36-to-18 Funneling 
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TIMING DIAGRAMS (cont'd) 


ton 
tos 


Dea -D prs VY srs YYV¥ Bis YVV¥ sis YYY Bits YVY ers 
0B S178 0-17 NA 18-35 AAA 0-17 AAA 18-35 ANA 0-17 AAA 18-35 
| | 


| 
WORD #n WORD #n+1 WORD #n+2 


NOTES: 
1. Aog is held HIGH for FIFO access. 
2. OE, is held HIGH. 
3. WSp is held HIGH and WS, is held LOW for double-byte access. 





Figure 27. Port B Double-Byte FIFO #2 Write Access for 
18-to-36 Defunneling 





7-182 Rev. A, Oct91 SHARP 


256 x 36 x 2 Bidirectional FIFO LH5420 





TIMING DIAGRAMS (cont’d) 


1 0 Ge 
KA 0-8 AAA 9-17 AAA 18-26 AAA 27-35 AAA 0-8 AA 
| | 


WORD #n WORD #n+i1 


{) QZ (Ea) Ee) a |) 
| | 


WORD #n WORD #n+1 


A) MEER (EE th ME A) ea th EE 
| | 


WORD #n WORD #n+1 


() QE) (QE 1) MEE AE 
SoRb #n — #n+1 


NOTES: 
1. Agog is held HIGH for FIFO access. 
2. OE, is held LOW. 
3. WS, and WS, both are held LOW for single-byte access. 





Figure 28. Port B Single-Byte FIFO #1 Read Access for 
36-to-9 Funneling 
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TIMING DIAGRAMS (cont’d) 


Bits YVVV sits 4 Bits VVV sits ) Bits VVV srs 
0-8 AAA 9-17 AAA 18-26 AAA 27-35 AAA 0-8 AAA 9-17 


WORD #n WORD #n+1 


NOTES: 
1. Agg is held HIGH for FIFO access. 
2. OEs is held HIGH. 
3. WS, and WS, both are held LOW for single-byte access. 





Figure 29. Port B Single-Byte FIFO #2 Write Access for 
9-to-36 Defunneling 
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TIMING DIAGRAMS (cont'd) 


acknowledge is continuous occurs on every third cycle to prevent overrun 


Outside the ‘almost-full’ region, Within the ‘almost-full’ region, acknowledge 
for a continuous request. of the full condition. 


*& & * * 


te 
CK, (CKa) | : r\ 
a 


tack 


REQ, (REQ,) 


ACK, (ACKg) 


AF, (AF2) 


NOTES: 
1. For a FIFO access to occur, REQ and EN must be held HIGH for the required setup and hold times. 
2. ACK can be tied directly to EN to directly gate FIFO accesses. 
* Indicates where a write would take place, if ACK were tied to EN. 
3. REQ must be maintained HIGH throughout the entire clock cycle for ACK to be generated. 
4. When the REQ/ACK handshake is not used, ACK can be ignored, 
and REQ may be tied HIGH or used as a second enable. 





Figure 30. Write Request/Acknowledge Handshake 
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TIMING DIAGRAMS (cont’d) 


acknowledge is continuous occurs on every third cycle to prevent underrun 
for a continuous request. of the empty condition. 


* * * 


Outside the ‘almost-empty' region, | Within the 'almost-empty’ region, acknowledge 


*& 





ACK, (ACKg) 


REQ, (REQ,) | 
tack 


tar 


AE, (AE,) 


NOTES: 
1. For a FIFO access to occur, REQ and EN must be held HIGH for the required setup and hold times. 
2. ACK can be tied directly to EN to directly gate FIFO accesses. 
* Indicates where a read would take place, if ACK were tied to EN. 
3. REQ must be maintained HIGH throughout the entire clock cycle for ACK to be generated. 
4. When the REQ/ACK handshake is not used, ACK can be ignored, 
and REQ may be tied HIGH or used as a second enable. 





Figure 31. Read Request/Acknowledge Handshake 
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ORDERING INFORMATION 


LH5420 X - H# 
Device Type Package Speed 


25 
30 Cycle Times (ns) 
35 


P 132-Lead, Plastic Quad Flat Package * (PQFP132-P-S950) 


Y 120-Lead, Pin-Grid-Array Package (PGA120-C-S1360) 


256 x 36 x 2 Bidirectional FIFO 


* Contact a Sharp representative for availability of PQFP package. 
Example: LH5420P-25 (256 x 36 x 2 Bidirectional FIFO, 25 ns, 132-Lead, Plastic Quad Flat Package) 


5420MD 
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FEATURES 


Fast Access Times: 12/15/20/25/35 ns 


Fast Fall-Through Time Internal 
Architecture Based on CMOS Dual-Port 
SRAM technology 


Independently-Synchronized Operation of 


Input Port and Output Port 
Expandable in Width and Depth 

Full, Half-Full, and Empty Status Flags 
Retransmission Capability 
TTL-Compatible I/O 


28-Pin PDIP and 
32-Pin PLCC Packages 


Pin and Functionally Compatible with 
Sharp LH5496/97/98 and with 
Am/IDT/MS7201/02/03 


Control Signals Assertive-LOW for Noise 
Immunity 


PIN CONNECTIONS 


28-PIN PDIP 


1 
2 
3 
4 
5 
6 
7 
8 
9 





Figure 1. 28-Pin PDIP (Top View) 


7-188 


FUNCTIONAL DESCRIPTION 


The LH540201/02/03 are FIFO (First-in, First-Out) 
memory devices, based on fully-static CMOS dual-port 
SRAM technology, capable of containing up to 512, 1024, 
and 2048 9-bit words respectively. They follow the indus- 
try-standard architecture and package pinouts for 9-bit 
asynchronous FIFOs. Each 9-bit FIFO word may consist 
of a standard 8-bit byte, together with a parity bit or a 
block-marking/framing bit. 


The input and output ports operate altogether indepen- 
dently of each other, unless the FIFO becomes either 
absolutely full or else absolutely empty. Data flow at a port 
is initiated by asserting either of two asynchronous, as- 
sertive-LOW control inputs: Write (W) for data entry at the 
input port, or Read (R) for data retrieval at the output port. 


Full, Half-Full, and Empty status flags monitor the 
extent to which the internal memory has been filled. The 
system may make use of these status outputs to avoid 
the risk of data loss, which otherwise might occur either 
by attempting to overfill an already-full FIFO, or by at- 
tempting to read additional words from an already-empty 
FIFO. However, the Half-Full Flag is not available when 
a FIFO is operating in a depth-expanded configuration. 


Data words emerge from the FIFO’s output port in 
precisely the same order that they entered at its input port; 
that is, according to a First-In, First Out (FIFO) queue 
discipline. Since the addressing sequence for a FIFO 
device’s memory is internally predefined, no external 


32-PIN PLCC 





Figure 2. 32-Pin PLCC (Top View) 
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FUNCTIONAL DESCRIPTION (cont'd) 


addressing information is required for the operation of the 
device. Also, drop-in-replacement compatibility is main- 
tained with both larger sizes and smaller sizes of standard 
9-bit asynchronous FIFOs; the only change is in the 
number of words implied by states of the Full and Half-Full 
status flags. 


The Retransmit (RT) control signal causes the internal 
FIFO read-address pointer to be set back to zero, without 
affecting the internal FIFO write-address pointer. Thus, 
the Retransmit control signal also provides a mechanism 
whereby a block of data delimited by the zero physical 
address and the current write-address-pointer value ad- 
dress may be read out repeatedly, an arbitrary number of 
times. The only restrictions are that neither the read- 
address pointer nor the write-address pointer may ‘wrap 
around’ during this entire process, and that the retransmit 


PRODUCT PREVIEW 


LH540201/02/03 


facility is not available when a FIFO is operating in a 
depth-expanded configuration. 


Acascading (depth-expansion) scheme may be imple- 
mented by use of the Expansion In (XI) input signal and 
the Expansion Out (XO/HF) output signal. This scheme 
allows a deeper ‘effective FIFO’ to be implemented by 
using two or more individual FIFO devices, without incur- 
ring additional latency (‘fallthrough’ or ‘bubblethrough’) 
delays, and without the necessity of storing and retrieving 
any given data word more than once. In this cascaded 
operating mode, one FIFO device must be designated as 
the ‘irst-load’ or ‘master’ device, by grounding its First- 
Load (FL/RT) control input; the remaining FIFO devices 
are designated as ‘slaves,’ by tying their FL/RT inputs 
HIGH. Because of the need to share control signals on 
pins, the Half-Full flag and the retransmission capability 
are not available for either ‘master’ or ‘slave’ FIFO devices 
operating in cascaded mode. 
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Figure 3. LH540201/02/03 Block Diagram 
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LH540204 


PRODUCT PREVIEW 
CMOS 4096 x 9 Asynchronous FIFO 





FEATURES 


Fast Access Times: 15/20/25/35 ns 


Fast Fall-Through Time Internal 
Architecture Based on CMOS Dual-Port 
SRAM technology 


Independently-Synchronized Operation of 
Input Port and Output Port 


Expandable in Width and Depth 

Full, Half-Full, and Empty Status Flags 
Retransmission Capability 
TTL-Compatible I/O 


28-Pin PDIP and 
32-Pin PLCC Packages 


Pin and Functionally Compatible with 
Sharp LH5499 and with Am/IDT/MS7204 


Control Signals Assertive-LOW for Noise 
Immunity 


PIN CONNECTIONS 


28-PIN PDIP 
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Figure 1. 28-Pin PDIP (Top View) 


FUNCTIONAL DESCRIPTION 


The LH540204 is a FIFO (First-In, First-Out) memory 
device, based on fully-static CMOS dual-port SRAM tech- 
nology, capable of containing up to 4096 9-bit words. It 
follows the industry-standard architecture and package 
pinouts for 9-bit asynchronous FIFOs. Each 9-bit FIFO 
word may consist of a standard 8-bit byte, together with 
a parity bit or a block-marking/framing bit. 


The input and output ports operate altogether indepen- 
dently of each other, unless the FIFO becomes either 
absolutely full or else absolutely empty. Data flow at a port 
is initiated by asserting either of two asynchronous, as- 
sertive-LOW control inputs: Write (W) for data entry at the 
input port, or Read (R) for data retrieval at the output port. 


Full, Half-Full, and Empty status flags monitor the 
extent to which the internal memory has been filled. The 
system may make use of these status outputs to avoid 
the risk of data loss, which otherwise might occur either 
by attempting to overfill an already-full FIFO, or by at- 
tempting to read additional words from an already-empty 
FIFO. However, the Half-Full Flag is not available when 
a FIFO is operating in a depth-expanded configuration. 


Data words emerge from the FIFO’s output port in 
precisely the same order that they entered at its input port; 
that is, according to a First-In, First Out (FIFO) queue 
discipline. Since the addressing sequence for a FIFO 
device’s memory is internally predefined, no external 
addressing information is required for the operation of the 
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Figure 2. 32-Pin PLCC (Top View) 
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SHARP 


CMOS 4096 x 9 Asynchronous FIFO 


FUNCTIONAL DESCRIPTION (cont'd) 


device. Also, drop-in-replacement compatibility is main- 
tained with both larger sizes and smaller sizes of standard 
9-bit asynchronous FIFOs; the only change is in the 
number of words implied by states of the Full and Half-Full 
status flags. 


The Retransmit (RT) control signal causes the internal 
FIFO read-address pointer to be set back to zero, without 
affecting the internal FIFO write-address pointer. Thus, 
the Retransmit control signal also provides a mechanism 
whereby a block of data delimited by the zero physical 
address and the current write-address-pointer value ad- 
dress may be read out repeatedly, an arbitrary number of 
times. The only restrictions are that neither the read- 
address pointer nor the write-address pointer may ‘wrap 
around’ during this entire process, and that the retransmit 
facility is not available when a FIFO is operating in a 
depth-expanded configuration. 
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Acascading (depth-expansion) scheme may be imple- 
mented by use of the Expansion In (X1) input signal and 
the Expansion Out (XO/HF) output signal. This scheme 
allows a deeper ‘effective FIFO’ to be implemented by 
using two or more individual FIFO devices, without incur- 
ring additional latency (‘fallthrough’ or ‘bubblethrough’) 
delays, and without the necessity of storing and retrieving 
any given data word more than once. In this cascaded 
operating mode, one FIFO device must be designated as 
the ‘irst-load’ or ‘master’ device, by grounding its First- 
Load (FU/RT) control input; the remaining FIFO devices 
are designated as ‘slaves,’ by tying their FL/RT inputs 
HIGH. Because of the need to share control signals on 
pins, the Half-Full flag and the retransmission capability 
are not available for either ‘master’ or ‘slave’ FIFO devices 
operating in cascaded mode. 
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LH540205 


PRODUCT PREVIEW 


CMOS 8192 x 9 Asynchronous FIFO 





FEATURES 


Fast Access Times: 15/20/25/35 ns 


Fast Fall-Through Time Internal 
Architecture Based on CMOS Dual-Port 
SRAM technology 


Independently-Synchronized Operation of 
Input Port and Output Port 


Expandable in Width and Depth 

Full, Half-Full, and Empty Status Flags 
Retransmission Capability 
TTL-Compatible I/O 


28-Pin PDIP and 
32-Pin PLCC Packages 


Pin and Functionally Compatible with 
Am/IDT7205 


Control Signals Assertive-LOW for Noise 
Immunity 


PIN CONNECTIONS 
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Figure 1. 28-Pin PDIP (Top View) 
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FUNCTIONAL DESCRIPTION 


The LH540205 is a FIFO (First-In, First-Out) memory 
device, based on fully-static CMOS dual-port SRAM tech- 
nology, capable of containing up to 8192 9-bit words. It 
follows the industry-standard architecture and package 
pinouts for 9-bit asynchronous FIFOs. Each 9-bit FIFO 
word may consist of a standard 8-bit byte, together with 
a parity bit or a block-marking/framing bit. 


The input and output ports operate altogether indepen- 
dently of each other, unless the FIFO becomes either 
absolutely full or else absolutely empty. Data flow at a port 
is initiated by asserting either of two asynchronous, as- 
sertive-LOW control inputs: Write (W) for data entry at the 
input port, or Read (R) for data retrieval at the output port. 


Full, Half-Full, and Empty status flags monitor the 
extent to which the internal memory has been filled. The 
system may make use of these status outputs to avoid 
the risk of data loss, which otherwise might occur either 
by attempting to overfill an already-full FIFO, or by at- 
tempting to read additional words from an already-empty 
FIFO. However, the Half-Full Flag is not available when 
a FIFO is operating in a depth-expanded configuration. 


Data words emerge from the FIFO’s output port in 
precisely the same order that they entered at its input port; 
that is, according to a First-In, First Out (FIFO) queue 
discipline. Since the addressing sequence for a FIFO 
device’s memory is internally predefined, no external 
addressing information is required for the operation of the 
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Figure 2. 32-Pin PLCC (Top View) 
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CMOS 8192 x 9 Asynchronous FIFO 


FUNCTIONAL DESCRIPTION (cont'd) 


device. Also, drop-in-replacement compatibility is main- 
tained with both larger sizes and smaller sizes of standard 
9-bit asynchronous FIFOs; the only change is in the 
number of words implied by states of the Full and Half-Full 
status flags. 


The Retransmit (RT) control signal causes the internal 
FIFO read-address pointer to be set back to Zero, without 
affecting the internal FIFO write-address pointer. Thus, 
the Retransmit control signal also provides a mechanism 
whereby a block of data delimited by the zero physical 
address and the current write-address-pointer value ad- 
dress may be read out repeatedly, an arbitrary number of 
times. The only restrictions are that neither the read- 
address pointer nor the write-address pointer may ‘wrap 
around’ during this entire process, and that the retransmit 
facility is not available when a FIFO is operating in a 
depth-expanded configuration. 


PRODUCT PREVIEW 


LH540205 


Acascading (depth-expansion) scheme may be imple- 
mented by use of the Expansion In (XI) input signal and 
the Expansion Out (XO/HF) output signal. This scheme 
allows a deeper ‘effective FIFO’ to be implemented by 
using two or more individual FIFO devices, without incur- 
ring additional latency (‘fallthrough’ or ‘bubblethrough’) 
delays, and without the necessity of storing and retrieving 
any given data word more than once. In this cascaded 
operating mode, one FIFO device must be designated as 
the ‘first-load’ or ‘master’ device, by grounding its First- 
Load (FL/RT) control input; the remaining FIFO devices 
are designated as ‘slaves,’ by tying their FL/RT inputs 
HIGH. Because of the need to share control signals on 
pins, the Half-Full flag and the retransmission capability 
are not available for either ‘master’ or ‘slave’ FIFO devices 
operating in cascaded mode. 
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Figure 3. LH540205 Block Diagram 
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LH540206 


PRODUCT PREVIEW 


CMOS 16384 x 9 Asynchronous FIFO 





FEATURES 


Fast Access Times: 15/20/25/35 ns 


Fast Fall-Through Time Internal 
Architecture Based on CMOS Dual-Port 
SRAM technology 


Independently-Synchronized Operation of 
Input Port and Output Port 


Expandable in Width and Depth 

Full, Half-Full, and Empty Status Flags 
Retransmission Capability 
TTL-Compatible I/O 


28-Pin PDIP and 
32-Pin PLCC Packages 


Pin and Functionally Compatible 
with IDT7206 


Control Signals Assertive-LOW for Noise 
Immunity 


PIN CONNECTIONS 
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Figure 1. 28-Pin PDIP (Top View) 
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FUNCTIONAL DESCRIPTION 


The LH540206 is a FIFO (First-In, First-Out) memory 
device, based on fully-static CMOS dual-port SRAM tech- 
nology, capable of containing up to 16384 9-bit words. It 
follows the industry-standard architecture and package 
pinouts for 9-bit asynchronous FIFOs. Each 9-bit FIFO 
word may consist of a standard 8-bit byte, together with 
a parity bit or a block-marking/framing bit. 


The input and output ports operate altogether indepen- 
dently of each other, unless the FIFO becomes either 
absolutely full or else absolutely empty. Data flow at a port 
is initiated by asserting either of two asynchronous, as- 
sertive-LOW control inputs: Write (W) for data entry at the 
input port, or Read (R) for data retrieval at the output port. 


Full, Half-Full, and Empty status flags monitor the 
extent to which the internal memory has been filled. The 
system may make use of these status outputs to avoid 
the risk of data loss, which otherwise might occur either 
by attempting to overfill an already-full FIFO, or by at- 
tempting to read additional words from an already-empty 
FIFO. However, the Half-Full Flag is not available when 
a FIFO is operating in a depth-expanded configuration. 


Data words emerge from the FIFO’s output port in 
precisely the same order that they entered at its input port; 
that is, according to a First-In, First Out (FIFO) queue 
discipline. Since the addressing sequence for a FIFO 
device’s memory is internally predefined, no external 
addressing information is required for the operation of the 
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CMOS 16384 x 9 Asynchronous FIFO 


FUNCTIONAL DESCRIPTION (cont'd) 


device. Also, drop-in-replacement compatibility is main- 
tained with both larger sizes and smaller sizes of standard 
9-bit asynchronous FIFOs; the only change is in the 
number of words implied by states of the Full and Half-Full 
status flags. 


The Retransmit (RT) control signal causes the internal 
FIFO read-address pointer to be set back to zero, without 
affecting the internal FIFO write-address pointer. Thus, 
the Retransmit control signal also provides a mechanism 
whereby a block of data delimited by the zero physical 
address and the current write-address-pointer value ad- 
dress may be read out repeatedly, an arbitrary number of 
times. The only restrictions are that neither the read- 
address pointer nor the write-address pointer may ‘wrap 
around’ during this entire process, and that the retransmit 
facility is not available when a FIFO is operating in a 
depth-expanded configuration. 


PRODUCT PREVIEW 


LH540206 


Acascading (depth-expansion) scheme may be imple- 
mented by use of the Expansion In (XI) input signal and 
the Expansion Out (XO/HF) output signal. This scheme 
allows a deeper ‘effective FIFO’ to be implemented by 
using two or more individual FIFO devices, without incur- 
ring additional latency (‘fallthrough’ or ‘bubblethrough’) 
delays, and without the necessity of storing and retrieving 
any given data word more than once. In this cascaded 
operating mode, one FIFO device must be designated as 
the ‘first-load’ or ‘master’ device, by grounding its First- 
Load (FL/RT) control input; the remaining FIFO devices 
are designated as ‘slaves,’ by tying their FL/RT inputs 
HIGH. Because of the need to share control signals on 
pins, the Half-Full flag and the retransmission capability 
are not available for either ‘master’ or ‘slave’ FIFO devices 
operating in cascaded mode. 
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Figure 3. LH540206 Block Diagram 
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LH540215/25 


ADVANCE INFORMATION 


512 x 18 / 1024 x 18 Synchronous FIFO 





FEATURES 


Fast Cycle Times: 15/20/25/35 ns 


Pin-Compatible Drop-In Replacements for 
IDT72215A/25A FIFOs; Default Operating Mode is 
Functionally IDT-Compatible 


Device Comes Up into Known Default State at 
Reset; Programming is Allowed, but is not Required 


Fast Fall-Through Time Internal Memory Array 
Architecture Based on CMOS Dual-Port SRAM 
Technology, 512 x 18 or 1024 x 18 


‘Synchronous’ Enable-Plus-Clock Control at 
Both Input Port and Output Port 


Independently-Synchronized Operation of Input Port 
and Output Port 


Control Inputs Sampled on Rising Clock Edge 


All Control Signals Assertive-LOW for 
Noise Immunity 


May be Cascaded for Increased Depth or 
Paralleled for Increased Width 


16-mA-loL Three-State Outputs 


Five Status Flags: Full, Almost-Full, Half-Full, 
Almost-Empty, and Empty; ‘Almost’ Flags are 
Programmable 


Almost-Full, Half-Full, and Almost-Empty Flags may 
be Made Completely Synchronous, in Optional 
Enhanced Operating Mode 


Duplicate Enables for Interlocked Paralleled FIFO 
Operation, for 36-Bit Data Width, when Appropriately 
Connected, in Optional Enhanced Operating Mode 


Disabling Three-State Outputs Suppresses 
Reading, in Optional Enhanced Operating Mode 


Data Retransmit Function 
TTL/CMOS-Compatible I/O 
Space-Saving 68-Pin PLCC Package 


FUNCTIONAL DESCRIPTION 


The LH540215/25 are FIFO (First-In, First-Out) mem- 
ory devices, based on fully-static CMOS dual-port SRAM 
technology, capable of containing up to 512 or 1024 18-bit 
words respectively. They can replace two or more byte- 
wide FIFOs in many applications, for microprocessor-to- 
microprocessor or microprocessor-to-bus communi- 
cation. Their architecture supports synchronous opera- 
tion, tied to two independent free-running clocks at the 
input and output ports respectively. However, these 
‘clocks’ also may be aperiodic, asynchronous ‘demand’ 
signals. Almost all control input signals and status output 
signals are synchronized to these clocks, to simplify 
system design. 


The input and output ports operate altogether indepen- 
dently of each other, unless the FIFO becomes either 
absolutely full or else absolutely empty. Data flow is 
initiated at a port by the rising edge of its corresponding 
clock, and is gated by the appropriate edge-sampled 
enable signals. 


The following FIFO status flags monitor the extent to 
which the internal memory has been filled: Full, Almost- 
Full, Half-Full, Almost-Empty, and Empty. The Almost-Full 
and Almost-Empty flag offsets are programmable over the 
entire FIFO depth; but, during a reset operation, each of 
these is initialized to a default offset of about 1/8 of the 
depth of one single FIFO, from the respective FIFO 
boundary. If this default offset is satisfactory, no further 
programming is required. 


After a reset operation, these FIFOs operate in the 
Default Operating Mode. In this mode, each part is pin- 
compatible and functionally-compatible with the 
IDT72215A/25A part of similar depth and speed grade. 
However, the system may program the Command Reg- 
ister to activate any or all of the features available in the 
optional Enhanced Operating Mode, including selectable- 
clock-edge flag synchronization, and read inhibition when 
the data outputs are disabled. Interlocked-operation par- 
alleling is also available, by appropriate interconnection 
of the FIFO’s expansion inputs. Also, assertion of the 
EMODE control input leaves Command Register bits 
06-11 set, which causes the FIFO to operate in the 
Enhanced Operating Mode. 


The Retransmit control signal causes the internal FIFO 
read-address pointer to be set back to zero, without 
affecting the internal FIFO write-address pointer. Thus, 
the Retransmit control signal also provides a mechanism 
whereby a block of data delimited by the zero physical 
address and the current write-address pointer address 
may be read out repeatedly, an arbitrary number of times. 
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SHARP 


512 x 18 / 1024 x 18 Synchronous FIFO ADVANCE INFORMATION 


FUNCTIONAL DESCRIPTION (cont'd) 


The only restrictions are that neither the read-address 
pointer nor the write-address pointer may ‘wrap around’ 
during this entire process, and that the retransmit facility 
is not available when a FIFO is operating in |DT-compat- 
ible depth-cascaded mode. 


Programming the programmable-flag offsets, the num- 
ber of FIFOs to be cascaded in depth, the timing syn- 
chronization of the various status flags, and the optional 
read-suppression functionality of OE may be individually 
controlled by asserting the signal LD, without any reset 
operation. When LD is asserted, while writing is enabled 
by asserting WEN, some or all of the input bus word 
Do — D17 is used at the next rising edge of WCLK to 
program one or more of the resource registers on succes- 
sive write clocks. Likewise, the values programmed into 


29 30 31 32 33 





LH540215/25 


these resource registers may be read out for verification 
by asserting REN, with the outputs Qo — Q17 enabled. 
Reading out these resource registers should not be initi- 
ated while they are being written into. 


Coordinated operation of two 18-bit FIFOs as one 
36-bit FIFO may be ensured by ‘interlocked’ crosscoupl- 
ing of status-flag outputs from each port to expansion 
inputs of the other one; that is, EF to WXI/WENa, and FF 
to RXI/REN2, in both directions between two paralleled 
FIFOs. This ‘interlocked’ operation takes effect automat- 
ically, if two paralleled FIFOs are crossconnected in this 
manner. (See Table 2.) IDT-compatible depth cascading 
is no longer available when operating in this mode; how- 
ever, pipelined depth cascading remains possible. 


TOP VIEW 
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Figure 1. Pin Connections for PLCC Package 
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LH540215/25 ADVANCE INFORMATION 512 x 18/1024 x 18 Synchronous FIFO 


PIN DESCRIPTIONS 


PIN | 
ee 
Data Inputs Data inputs from an 18-bit bus. | 


em | When RS is taken LOW, the FIFO’s internal read and write pointers are 





—D17 


























set to address the first physical location of the RAM array; FF and PAF go 
HIGH; and PAE and EF go LOW. The offset registers and the Command 

Register are set to their default values. A reset is required before an initial | 
write after power-up. | 


When EMODE is held LOW, Command Register bits 06-10 are forced 
HIGH rather than LOW, thus enabling all Enhanced Operating Mode fea- 
tures. (See Table 5.) If this behavior is always desired, EMODE may be 
grounded. Alternatively, EMODE may be tied to Vcc, so that the FIFO is 
functionally IDT-compatible. 


Data is written into the FIFO on a LOW-to-HIGH transition of WCLK, 
whenever WEN (Write Enable) is being asserted (LOW), and LD is HIGH. 
lf LD is LOW, a resource register rather than the internal FIFO memory is 
written into. | 


When WEN is LOW and LD is HIGH, an 18-bit data word is written into 
the FIFO on every LOW-to-HIGH transition of WCLK. When WEN is 
HIGH, the FIFO internal memory continues to hold the previous data. 
(See Table 3.) Data will not be written into the FIFO if FF is LOW. In the 
optional Enhanced Operating Mode, WENe2 may be combined with WEN 
to produce an effective internal write-enable signal. 


Data is read from the FIFO on a LOW-to-HIGH transition of RCLK when-_ 
ever REN (Read Enable) is being asserted (LOW), and LD is HIGH. If LD 
is LOW, a resource register rather than the internal FIFO memory is read 
from. 


When REN is LOW and LD is HIGH, an 18-bit data word is read from the 
FIFO on every LOW-to-HIGH transition of RCLK. When REN is HIGH, 
the FIFO’s output register continues to hold the previous data word, 
whether or not Qo — Q17 (the data outputs) are enabled. (See Table 3.) In 
the optional Enhanced Operating Mode, REN2 may be combined with 
REN to produce an effective internal read-enable signal. 


When OE is LOW, the FIFO’s data outputs drive the bus to which they 
are connected. If OE is HIGH, the FIFO’s outputs are in high-Z (high- | 
| impedance) state. In the optional Enhanced Operating Mode, OE not only 
continues to control the outputs in this same manner, but also may be 
configured to function as an additional input to the combined effective 
read-enable signal, along with REN and perhaps also with RENa2. (See 
Table 5.) 


When LD is LOW, the data word on Do — D17 (the data inputs) is written 
to the offset and command registers on the LOW-to-HIGH transition of 
WCLK, whenever WEN is LOW. (See Table 3.) Also, when LD is LOW, a 
word is read to Qo — Q17 (the data outputs) from the offset and/or com- 
mand registers on the LOW-to-HIGH transition of RCLK, whenever REN 


Output Enable 
Load 
is LOW. (See again Table 3.) When LD is HIGH, normal FIFO write and 
read operations are enabled. 


* | = Input, O = Output, Z = High-lmpedance, V = Power Voltage Level 
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512 x 18 / 1024 x 18 Synchronous FIFO ADVANCE INFORMATION LH540215/25 


PIN DESCRIPTIONS (cont'd) 


PIN 


In the standalone or paralleled configuration, FL may be grounded. How- 
ever, in the standalone or paralleled configuration, if FL is taken HIGH, it 
functions instead as RT (Retransmit), and resets the FIFO’s internal read 
pointer to the first physical location of the RAM array. In the cascaded 
configuration, FL has an entirely different function; it is grounded for the 
first FIFO device (the ‘master’ device or ‘first-load’ device), and is set to 
HIGH for all other FIFO devices in the daisy chain. 


This signal is dual-purpose; its functionality is determined during a reset 
operation, according to its own state, and also according to the states of 
the two other control inputs RXI/REN2 and FL/RT. (See Tables 2 and 6.) 
In the standalone or paralleled configuration, WXI/WENz2 is grounded. In 
the cascaded configuration, WXI/WENz is connected to WXO (Write Ex- 
pansion Output) of the previous device, and functions as WXI. In the op- 
tional Enhanced Operating Mode, WXI/WENz2 functions as a second 
write-enable signal, WEN2, which is combined with WEN to produce an 
effective internal write-enable signal. 
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This signal is dual-purpose; its functionality is determined during a reset 
operation, according to its own state, and also according to the states of 
the two other control inputs WXI/WEN2 and FL/RT. (See Tables 2 and 6.) 
In the standalone or paralleled configuration, RXI/RENz2 is grounded. In 
the cascaded configuration, RXI/RENa2 is connected to RXO (Read Ex- 
pansion Output) of the previous device, and functions as RXI. In the op- 
tional Enhanced Operating Mode, RXI/REN2 functions as a second 
read-enable signal, REN2, which is combined with REN — and perhaps 
also with OE, if Command-Register bit 10 is set — to produce an effective 
internal read-enable signal. 


When FF is LOW, the FIFO is full; further advancement of its internal 
write-address pointer, and further data writes into its inputs, are inhibited. 
When FF is HIGH, the FIFO is not full. FF is synchronized to WCLK. 


When PAF is LOW, the FIFO is ‘almost full,’ based on the almost-full off- 
set programmed into the FIFO. The default value of this offset at reset is 
about 1/8 of the FIFO capacity, measured from ‘full.’ (See Table 4.) In De- 
fault Mode, PAF is asynchronous; in the optional Enhanced Operating 

Mode, PAF is synchronized to WCLK. (See Table 5.) 


This signal is dual-purpose; its functionality is determined during a reset 
operation according to the states of the two control inputs WXI/WEN2 
and RXI/REN2. (See Tables 2 and 6.) In the standalone 

or paralleled configuration, whenever HF is LOW the device is more than 
half full. in Default Mode, HF is asynchronous; in the optional Enhanced 
Operating Mode, HF may be synchronized either to WCLK or to RCLK. 
(See Table 5.) In the cascaded configuration, a pulse is sent from WXO 
to WXI of the next device whenever the last location in the FIFO is written. 


When PAE is LOW, the FIFO is ‘almost empty,’ based on the almost- 
empty offset programmed into the FIFO. The default value of this offset at 
reset is about 1/8 of the FIFO capacity, measured from ‘empty.’ (See 


Write 
| — Expansion 
WXO/HF Output/ 
Half-Full Flag 
Table 4.) In Default Mode, PAE is asynchronous; in the optional 


Programmable 
Almost-Empty 
Flag 
| Enhanced Operating Mode, PAE is synchronized to RCLK. (See Table 5.) 


* | = Input, O = Output, Z = High-lmpedance, V = Power Voltage Level 


















Full Flag 


RXI/ 
Programmable | 
PAE 
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PIN DESCRIPTIONS (cont'd) 


PIN 
he ae ee 
When EF is LOW, the FIFO is empty; further advancement of its internal 
EF Empty Flag read-address pointer, and further changes in the data word present at its 
BXS = In the IDT-compatib! ded configurati Ise is sent from BXO 
| RXO Expansion n the IDT-compatible cascaded configuration, a pu se is sent rom 
| Output to RXI of the next FIFO whenever the last location in the FIFO is read. 
Vcc 
Vss 


outputs, are inhibited. When EF is HIGH, the FIFO is not empty. EF is 
Q17 Data Outputs O/Z | Data outputs to drive an 18-bit bus. 
































synchronized to RCLK. 
[Veo __| Power__—|_-V_| Seven45 V power-supply pins 
Vss Eight 0 V ground pins. 


Power Voltage Level 


* | = Input, O = Output, Z = High-impedance, V 





Table 1. Depth-Code Programming 
TOTAL DEPTH 


LH540215s LH540225s 


1024 
1024 
2048 
3072 


DEPTH CODE 


1024d 


31744 
32768 





Table 2. Grouping-Mode Determination 


During a Reset Operation 
we [se | ea | 
USAGE | USAGE 
|wxi | RxXi | FL | 
FL 





NOTES: 


1. The terms ‘master’ and ‘slave’ refer to IDT-compatible cascading. In pipelined cascading, there is no such distinction. 
2. Momentary only; basically standalone grouping mode. 
3. H=HIGH; L = LOW; X = Don't Care. 
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WXO/HF 


RXI/RENZ 
RXO 


WCK 
WEN 
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EF 


PAF 


WXO/HF 


Do - D7 
LD 
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| DEDICATED AND 
a = PROGRAMMABLE 


eee! STATUS FLAGS 
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RESOURCE 
REGISTERS 


i 
z OUTPUT 
| PORT 





Figure 2. LH540215/25 Block Diagram 
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ABSOLUTE MAXIMUM RATINGS 


| RATING 
| Supply Voltage to Vss Potential | -0.5Vto7V_— 
| Signal Pin Voltage to Vss Potential | -0.5VtoVec+05V_ | 
NOTES: 


1. Only one output may be shorted at a time, for a period not exceeding 30 seconds. 
2. Measured with clocks idle. 













OPERATING RANGE 


Logic HIGH Input Voltage 


TA 
Vcc 
Vss 
VIL 
VIH 












| PARAMETER sis] ————STESTCONDITIONS ~—_—_—s|s MIN | MAX | UNIT | 


| SYMBOL 







N 
t 








Icc2 Average Standby Supply Current All inputs = ViHMIN (clock idle) 
Icc3 All inputs = Vcc — 0.2 V (clock idle) 


+5V 
1.1k OHMS 
DEVICE 
UNDER 
TEST a 
680 OHMS 30 pF 


* INCLUDES JIG AND SCOPE CAPACITANCES 


Power-Down Supply Current 





AC TEST CONDITIONS 


| PARAMETER | RATING _| 
| InputPulse Levels | Visto SV 

Input Rise and Fall Times (10% to 90%) 
| Output Reference Levels | BV 
| Input Timing Reference Levels 





















Output Load, 
Timing Tests 






540215-3 


CAPACITANCE 
[SSSCPARAMETER~=—s|SORATING | 
Gn (input Capactance) Vn=OV | 7pF 






Figure 3. Output Load Circuit 
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AC ELECTRICAL CHARACTERISTICS 


SYMBOL PARAMETER 
ee. 


| Clock Cycle Frequency || 7 || 50 
tr___| DataAccesstime | 2 | tt | 2 | 14 
tuk | Clock CycleTime | 5 || 2 
tou | ClockHIGHTme | || 
tou _| ClockLowTime TT 
|DataSewpTime AT 
|DataHodTime tt 
a 
ia 
foe! 
a 
20 
= 
ai 





















! 
| 
| 
|EnableSetupTime | | 
|EnableHoidTime Lt | 
[Reset Pulse width’ | 15 || 20 
|ResetSetupTime? | | 2 
| Resetto Flag and OutputTime || 15 | 
to.z__| OutputEnable to Output inLowZ* | 0 || 0 
[Output Enable to Output Valid || 7 | 
tonz | Output Enable to Output inHighz? | ot | 7 | 
twee | White ClocktoFullFiag | 11 


trer __| Read Clock to Empty Flag Lo 
tPAF Clock to Programmable Almost-Full Flag _ 


(Default Mode) 


t Clock to Programmable Almost-Empty Flag 
igs (Default Mode) 


tHF Clock to Half-Full Flag (Default Mode) 


tenes Clock to Programmable Almost-Full Flag 
aul (Enhanced Mode) 

lt Clock to Programmable Almost-Empty Flag | 
PAES | (Enhanced Mode) 


=—_ — 
NO co) 





—_ 
Nh 


_ _ 
o fo) 


H 
tHFS Clock to Half-Full Flag (Enhanced Mode) 

| txo Clock to Expansion-Out 

tx! Expansion-In Pulse Width 

txis Expansion-In Setup Time 


it Skew Time Between Read Clock and Write 
SKEWT | Clock for Full Flag 

t Skew Time Between Read Clock and Write 1 

SKEW2 | Clock for Empty Flag 


NOTES: 
1. Pulse widths less than the stated minimum values may cause incorrect operation. 
2. Values are guaranteed by design; not currently tested. 


© 


—_ —_ | lt —_ 
=k a «€6|lCU OT _ 





_— 
NO 
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Table 3. Selection of Read and Write Operations 








pou | x | x | | = | Nooperation 
pe ft | WH | A | = | Wrtetoaresourceregister! 
| = || increment resource-register write counter, but do not write. = 
| Read from aresource register 
|_Increment resource-register read counter, but donot read. 
|_Wegal combination, which willcause errors, 
| Normal FIFO write operation, 
| Normal FIFO readoperation, 
a 
| 
| 
| 
| 


<< 
< 





- 
<c 










|Nooperon, 


KM M)/ Der Ki eK opty ce 


PERE EERE EEE 
PRP EEPTEEEE 
PEEP REERETE 
si oeadudane 
EEE EP bb 





KEY: 

H = Logic ‘HIGH’; L=Logic'LOW’; X = ‘Don't-care’ (logic ‘HIGH,’ logic ‘LOW,’ or any transition); 
A = A‘LOW‘-to-‘HIGH' transition; —= Any condition EXCEPT a ‘LOW’-to-‘HIGH' transition. 
NOTES: 


1. The selection of a resource register to be written or read is controlled by two simple state machines. One state machine controls the selection 
for writing; the other state machine controls the selection for reading. These two state machines operate independently of each other. Both 
state machines are reset to point to Word 0 by a reset operation. 


2. The order of the three resource registers, as selected by either state machine, is always: 
Word 0: Almost-Empty Offset Register 
Word 1: Almost-Full Offset Register 
Word 2: Command Register 
Word 0: Almost-Empty Offset Register 


(repeats indefinitely) 


Table 4. Status Flags 


| (n + 1) to 256 (n+ 1) to 512 


Potton ton 


257 to (512 —(m + 1)) 513 to (1024 ~ (m+ 1)) 
(512 —m) to 511 (1024 — m) to 1023 


NOTES: — 
1. n= Programmable-Almost-Empty Offset. (Default values: 512 x 18, n = 63; 1024 x 18, n = 127.) 
2. m= Programmable-Almost-Full Offset. (Default values: 512 x 18, m =63; 1024 x 18, m= 127.) 
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DESCRIPTION OF SIGNALS AND 
OPERATING SEQUENCES 


Data Inputs 
DATA IN (Do — D17) 


Data, programmable-flag-offset values, and Com- 
mand-Register codes are input to the FIFO as 18-bit 
words on Do — D17. Unused bit positions in offset and 
Command-Register words should be zero-filled. 


Control Inputs 
RESET (RS) 


The FIFO is reset whenever the asynchronous Reset 
(RS) input is taken to a LOW state. A reset operation is 
required after power-up, before the first write operation 
may occur. The state of the FIFO is fully defined after a 
reset operation. If the default values which are entered 
into the Programmable-Flag-Offset-Value Registers and 
the Command Register by a reset operation are accept- 
able, then no device programming is required. A reset 
operation initializes the FIFO’s internal read-address and 
write-address pointers to the FIFO’s first physical memory 
location. The five status flags, FF, PAF, HF, PAE, and EF, 
are updated to indicate that the FIFO is completely empty; 
thus, the first three of these are reset to HIGH, and the 
last two are reset to LOW. The flag-offset values for PAF 
and PAE each are initialized to about 1/8 of the depth of 
a single FIFO; 63 for a 512-word FIFO, and 127 for a 
1024-word FIFO. The Command Register is initialized 
to configure the FIFO to operate in the 100% 
IDT72215A/25A-compatible Default Operating Mode. 
The Depth Code is initialized to LLLLLH (0110). 


ENHANCED OPERATING MODE (EMODE) 


Whenever EMODE is being asserted, Command Reg- 
ister bits 06-11 remain HIGH rather than LOW after the 
completion of the reset operation. Thus, EMODE has the 
effect of activating optional Enhanced Operating Mode 
features, without the need to configure the Command 
Register by the normal programming method. The behav- 
ior of these optional features is described in Table 5. For 
permanent Enhanced Operating Mode operation, 
EMODE must be grounded. 


WRITE CLOCK (WCLK) 


Arising edge (LOW-to-HIGH transition) of WCLK initi- 
ates a FIFO write cycle if LD is HIGH, or a resource-reg- 
ister write cycle if LD is LOW. The 18 data inputs, and all 
input-side synchronous control inputs, must meet setup 
and hold times with respect to the rising edge of WCLK. 
The input-side status flags are meaningful after specified 
time intervals, following a rising edge of WCLK. 











Conceptually, WCLK receives a free-running, periodic 
‘clock’ waveform, used to control other signals which are 
edge-sensitive. However, there actually is not any abso- 


lute requirement that the WCLK waveform must be peri- 
odic. An ‘asynchronous’ mode of operation is in fact 
possible, if WEN is continuously asserted (that is, is 
continuously held LOW), and WCLK receives aperiodic 
‘clock’ pulses of suitable duration. There likewise is no 
requirement that WCLK must have any particular relation 
to the read clock RCLK. These two clock inputs may in 
fact receive the same ‘clock’ signal; or they may receive 
totally-different signals, which are not synchronized to 
each other in any way. 


WRITE ENABLE (WEN) 


Whenever WEN is being asserted (is LOW) and LD is 
HIGH, and the FIFO is not full, an 18-bit data word is 
loaded into the input register for the memory array at 
every WCLK rising edge (LOW-to-HIGH transition). Data 
words are stored into the two-port memory array sequen- 
tially, regardless of any ongoing read operation. When- 
ever WEN is not being asserted (is HIGH), the input 
register retains whatever data word it contained pre- 
viously, and no new data word gets loaded into the 
memory array. 





To prevent overrunning the internal FIFO boundaries, 
further write operations are inhibited whenever the Full 
Flag (FF) is being asserted (is LOW). If a valid read 
operation then occurs, upon the completion of that read 
cycle FF again goes HIGH after a time twrr, and another 
write operation is allowed to begin whenever WCLK 
makes another LOW-to-HIGH transition. Effectively, 
WEN is overridden by FF; thus, WEN has no effect when 
the FIFO is full. 


In the optional Enhanced Operating Mode, if EMODE 
is being asserted (is LOW), WXI/WENz2 functions as 
WENg2, an additional duplicate (albeit assertive-HIGH) 
write-enable input, in order to provide an ‘interlocking’ 
mechanism for reliable synchronization of two paralleled 
FIFOs. To control writing, WEN2 is combined with WEN; 
the logic-AND function of WEN and WENz then behaves 
like WEN in the foregoing description. 


READ CLOCK (RCLK) 

A rising edge (LOW-to-HIGH transition) of RCLK initi- 
ates a FIFO read cycle if LD is HIGH, or a resource-reg- 
ister read cycle if LD is LOW. All output-side synchronous 
control inputs must meet setup and hold times with re- 
spect to the rising edge of RCLK. The 18 data outputs, 
and the output-side status flags, are meaningful after 
specified time intervals, following a rising edge of RCLK. 


Conceptually, RCLK receives a free-running, periodic 
‘clock’ waveform, used to control other signals which are 
edge-sensitive. However, there actually is not any abso- 
lute requirement that the RCLK waveform must be peri- 
odic. An ‘asynchronous’ mode of operation is in fact 
possible, if REN is continuously asserted (that is, is 
continuously held LOW), and RCLK receives aperiodic 
‘clock’ pulses of suitable duration. There likewise is no 
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DESCRIPTION OF SIGNALS AND 
OPERATING SEQUENCES (cont'd) 


requirement that RCLK must have any particular relation 
to the write clock WCLK. These two clock inputs may in 
fact receive the same ‘clock’ signal; or they may receive 
totally-different signals, which are not synchronized to 
each other in any way. 


READ ENABLE (REN) 


Whenever REN is being asserted (is LOW), and the 
FIFO is not full, an 18-bit data word is loaded into the 
output register from the memory array at every RCLK 
rising edge (LOW-to-HIGH transition). Data words are 
read fromthe two-port memory array sequentially, regard- 
less of any ongoing write operation. Whenever REN is 
not being asserted (is HIGH), the output register retains 
whatever data word it contained previously, and no new 
data word gets loaded into it from the memory array. 


To prevent underrunning the internal FIFO boundaries, 
further read operations are inhibited whenever the Empty 
Flag (EF) is being asserted (is LOW). If a valid write 
operation then occurs, upon the completion of that write 
cycle EF again goes HIGH after a time tRer, and another 
read operation is allowed to begin whenever RCLK 
makes another LOW-to-HIGH transition. Effectively, REN 
is overridden by EF; thus, REN has no effect when the 


FIFO is empty. 


In the optional Enhanced Operating Mode, one or two 
additional read enable inputs may be combined with REN 
to control reading; the logic-AND function of these two or 
three inputs then behaves like REN in the foregoing 
description. If EMODE is being asserted (is LOW), 
RXI/REN2 functions as REN2, an additional duplicate 
(albeit assertive-HIGH) REN input, in order to provide an 
‘interlocking’ mechanism for reliable synchronization of 
two paralleled FIFOs. 


Also, if Command Register bit 10 has been set, OE 
takes on the extra role of Serving as yet another duplicate 
REN input, in addition to its usual function of controlling 
the FIFO’s data outputs, in order to inhibit further read 
operations whenever the FIFO’s data outputs are dis- 
abled. 


OUTPUT ENABLE (OE) 


OE is an assertive-LOW, asynchronous, output 
enable. In the Default Operating Mode, OE has only the 
effect of enabling or disabling the data outputs Qo — Q17. 
That is, disabling Qo — Q17 does not inhibit a read opera- 
tion, for data being transmitted to the output register; the 
data will remain available later, when the outputs are 
again enabled, unless subsequently overwritten. When 
Qo — Q17 are enabled, each of these 18 data outputs is in 
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a normal HIGH or LOW state, according to the bit pattern 
of the data word in the output register. When Qo — Q17 are 
disabled, each of these outputs is in the high-Z (high-im- 
pedance) state. 


In the optional Enhanced Operating Mode, if Com- 
mand Register bit 10 has been set, OE behaves as an 
additional read enable, as well as enabling and disabling 
the data outputs Qo — Q17. Under these circumstances, 
incrementing the read-address pointer is inhibited when- 
ever Qo — Qi7 are in the high-Z state. Thus, ‘reading’ 
successive words which fail to reach the outputs is pre- 
vented, as a safeguard against data loss. 


LOAD (LD) 


The Sharp LH540215/25 FIFOs contain three 18-bit 
resource registers. The contents of these three registers 
may be loaded with data from the data inputs Do — D17, 
or read out on the data outputs Qo — Q17. The first two 
registers are the Programmable-Flag-Offset-Value Reg- 
isters, for the Programmable Almost-Empty Flag (PAE) 
and the Programmable Almost-Full Flag (PAF) respec- 
tively. The third register is the Command Register, which 
includes the 6-bit IDT72215A/25A ‘Depth Code’ field, 
along with several configuration-contro! bits for Sharp’s 
optional Enhanced-Operating-Mode features. 


None of these three registers makes use of all of its 
available 18 bits. Figure 4 shows which bit positions of 
each register are operational. The two Programmable- 
Flag-Offset-Value Registers each contain the offset value 
in bits 0-15; bits 16-17 are unused. The Command Reg- 
ister configuration is shown in Table 5. For the Command 
Register, the default value for any operational bit which 
has not been programmed is zero (LOW); except, that the 
default value of the Depth Code is LLLLLH (0110), in 
conformity with IDT’s usage. The default values for both 
Offsets are about 1/8 of the total number of words in the 
FIFO: 63 for a 512 x 18 FIFO, and 127 for a 1024 x 18 
FIFO. 


Whenever LD and WEN are simultaneously being 
asserted (are both LOW) the 18-bit data word from the 
data inputs Do — D17 is written into the Programmable- 
Empty-Flag-Offset-Value Register at the first rising edge 
(LOW-to-HIGH transition) of the write clock (WCLK). (See 
Table 3.) lf LD and WEN continue to be simultaneously 
asserted, another 18-bit data word from the data inputs 
Do — D17 is written into the Programmable-Full-Flag-Off- 
set-Value Register at the second rising edge of WCLK, 
and still another 18-bit data word from the data inputs 
Do — D17is written into the Command Register at the third 
rising edge of WCLK. At the fourth rising edge of WCLK, 
writing again occurs to the Programmable-Empty-Flag- 
Offset-Value Register; and the writing sequence gets 
repeated on subsequent WCLK rising edges. 
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DESCRIPTION OF SIGNALS AND 
OPERATING SEQUENCES (cont'd) 


The lower 9 bits of these data words are made use of 
by the 512-word LH540215, and the lower 10 bits by the 
1024-word LH540225. 10 bits are used for the Command 
Register, by both the LH540215 and the LH540225. 
There is no restriction on the values which may occur in 
these data fields; however, unused bit positions should 
be encoded LOW in order to maintain forward compati- 
bility. 

Writing contents to these three resource registers does 
not have to occur all at one time, or to be effected by one 
single sequence of steps. Whenever LD is being asserted 
(is LOW) but WEN is not being asserted (is HIGH), the 
FIFO’s internal resource-register-write-address pointer 
advances without any writing actually taking place. Thus, 
for instance, one or two resource registers may be written, 
after which the FIFO may be returned to normal FIFO- 
array-read/write operation by deasserting LD (to HIGH). 


Likewise, whenever LD and REN are simultaneously 
being asserted (are both LOW) the 18-bit data word from 
the Programmable-Empty-Flag-Offset-Value Register is 


LH540215/25 


read to the data outputs Qo — Q17 at the first rising edge 
(LOW-to-HIGH transition) of the read clock (RCLK). (See 
Table 3.) If LD and REN continue to be simultaneously 
asserted, another 18-bit data word from the Programma- 
ble-Full-Flag-Offset-Value Register is read to the data 
outputs Qo — Q17 at the second rising edge of RCLK, and 
still another 18-bit data word from the Command Register 
is read to the data outputs Qo — Q17 at the third rising edge 
of RCLK. At the fourth rising edge of RCLK, reading again 
occurs from the Programmable-Empty-Flag-Offset-Value 
Register; and the reading sequence gets repeated on 
subsequent RCLK rising edges. 


Reading contents from these three resource registers 
does not have to occur all at one time, or to be effected 
by one single sequence of steps. Whenever LD is being 
asserted (is LOW) but REN is not being asserted (is 
HIGH), the FIFO’s internal resource-register-read-ad- 
dress pointer advances without any reading actually tak- 
ing place. Thus, for instance, one or two resource 
registers may be read, after which the FIFO may be 
returned to normal FiFO-array-read/write operation by 
deasserting LD (to HIGH). 


PROGRAMMABLE-ALMOST-FULL-OFFSET VALUE ' 


PROGRAMMABLE-ALMOST-EMPTY-OFFSET VALUE 2 


COMMAND REGISTER 2 


10 9 8 7 6 5 0 : 


17 15 12 11 


QQ) Reserved. Enables a special test mode, for manufacturers use only; disables normal operating mode. 


Q) Enables suppressing reading whenever data outputs are disabled. 


(3) Makes PAF synchronous. 
(4) Makes HF synchronous. 
6) Makes PAE synchronous. 


NOTES: 


1. Default offset values are 63,9 (LH540215) or 12749 (LH540225). 


See 'Command-Register Format’ table for the default state of the command register. 
2. The assertion of EMODE forces Command Register bits 06-11 HIGH. 





Figure 4. Resource Registers 
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DESCRIPTION OF SIGNALS AND 
OPERATING SEQUENCES (cont'd) 


To ensure correct operation, rising edges of WCLK and 
RCLK should not both be occuring at the same time while 
LD is being asserted. 


FIRST LOAD/RETRANSMIT (FL/RT) 


FURT is a dual-purpose signal. It is one of three input 
signals which select the grouping mode in which the FIFO 
operates after being reset; the other two of these input 
signals are WXI/WENe2 and RXI/REN2. There are four 
possible grouping modes: standalone, interlocked paral- 
leled, cascaded ‘master’ or first-load,’ and cascaded 
‘slave.’ The designations ‘master’ and ‘slave’ pertain to 
IDT-compatible depth cascading. Tables 2 and 6 show the 
signal encodings which select each grouping mode. 


In standalone or paralleled operation, the FL/RT pin 
should be grounded for strict IDT72215A/25A-compatible 
operation. However, if it is taken HIGH, the FIFO’s internal 
read-address pointer is reset to address the FIFO’S first 
physical memory location, without any other reset actions 
being taken; in particular, the FIFO’s internal write- 
address pointer is unaffected. Subsequent read opera- 
tions may then again read out the same block of data, 
delimited by the FIFO’s first physical memory location and 
the current value of the write pointer, as was read out 
previously. There is no limit on the number of times that 
a block of data may be retransmitted. The only restrictions 
are that neither the read-address pointer nor the write-ad- 
dress pointer may ‘wrap around’ and address the FIFO’s 
first physical memory location a second time during the 
retransmission process, and that the retransmit facility is 
unavailable during |IDT-compatible cascaded operation. 


In IDT-compatible cascaded operation, FL/RT is 
grounded to distinguish the ‘master’ or ‘first-load’ FIFO 
from the other ‘slave’ FIFOs in the cascade, which must 
all have their FL/RT inputs HIGH during a reset operation. 
(See again Tables 2 and 6.) The cascade will not operate 
correctly either without any ‘master’ FIFO, or with more 
than one ‘master’ FIFO. 


WRITE EXPANSION INPUT/WRITE ENABLE 2 
(WXI/WEN2) 


WXI/WEN2z is a dual-purpose signal. It is one of three 
input signals which select the grouping mode in which the 
FIFO operates after being reset; the other two of these 
input signals are FL/RT and RXiI. There are four possible 
grouping modes: standalone, interlocked paralleled, cas- 
caded ‘master’ or ‘irst-load,’ and cascaded ‘slave.’ The 
designations ‘master’ and ‘slave’ pertain to IDT-compati- 
ble depth cascading. Tables 2 and 6 show the signal 
encodings which select each grouping mode. 


_ In standalone operation, WXI/WENe2 and RXI/RENe2 
both must be grounded so that the FIFO comes up in the 


standalone grouping mode after a reset operation. In 
interlocked paralleled operation, WXI/WENz is tied to FF 
of the other paralleled FIFO, and RXI/REN2 is tied to EF 
of that same other FIFO. This interconnection ensures 
that both FIFOs will operate together, and remain coordi- 
nated, regardless of timing skews. 


In cascaded operation, WXI/WENz is connected to the 
WXO (Write Expansion Output; actually WXO/HF) output 
of the previous FIFO in the cascade. RXI/RENzis likewise 
connected to the RXO (Read Expansion Output) output 
of that previous FIFO. A reset operation forces WXO/HF 
and RXO HIGH for each FIFO; consequently, all FIFOs 
with their WXI/WEN2 and RXI/REN2 inputs thus con- 
nected come up in one of the two cascaded grouping 
modes, according to whether their FL/RT inputs are 
grounded or tied HIGH. (See again Tables 2 and 6.) 


READ EXPANSION INPUT/READ ENABLE 2 
(RXI/REN2) 


RXI/RENz2 is a dual-purpose signal. It is one of three 
input signals which select the grouping mode in which the 
FIFO operates after being reset; the other two of these 
input signals are FL/RT and WXI. There are four possible 
grouping modes: standalone, interlocked paralleled, cas- 
caded ‘master’ or ‘irst-load,’ and cascaded ‘slave.’ The 
designations ‘master’ and ‘slave’ pertain to IDT-compati- 
ble depth cascading. Tables 2 and 6 show the signal 
encodings which select each grouping mode. 


In standalone operation, WXI/WEN2 and RXI/REN2 
both must be grounded so that the FIFO comes up in the 
standalone grouping mode after a reset operation. In 
interlocked paralleled operation, WXI/WEN2 i is tied to FF 
of the other paralleled FIFO, and RXI/REN2z is tied to EF 
of that same other FIFO. This interconnection ensures 
that both FIFOs will operate together, and remain coordi- 
nated, regardless of timing skews. 





__Incascaded operation, RXI/REN2 is connected to the 
RXO (Read Expansion Output) of the previous FIFO in 
the cascade. WXI/WENz is likewise connected to the 
WXO (Write Expansion Output; actually WXO/HF) output 
of that previous FIFO. A reset operation forces RXO and 
WXO/HF HIGH for each FIFO; consequently, all FIFOs 
with their RXI/REN2 and WXI/WEN2 inputs thus con- 
nected come up in one of the two IDT-compatible cas- 
caded grouping modes, according to whether their FL/RT 
inputs are grounded or tied HIGH. (See again Tables 2 
and 6.) 





Data Outputs 


DATA OUT (Qo — Q17) 


Data, programmable-flag-offset values, and Com- 
mand-Register codes are output from the FIFO as 18-bit 
words on Qo — Q17. Unused bit positions in offset and 
Command-Register words are zero-filled. 
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DESCRIPTION OF SIGNALS AND 
OPERATING SEQUENCES (cont'd) 


Table 5. Command-Register Format 


COMMAND FLAG 
REGISTER j cone aes ER | AFFECTED, 
BITS IF ANY 
Depth code, from 0010 to 3240. paella sing as In 


Set by TRCLK, reset by TWCLK. Asynchronous flag clocking. 
Set and reset by TRCLK. Synchronous flag clocking. | 
Set by TWCLK, reset by TRCLK. | Asynchronous flag clocking. | 


Set and reset by TWCLK. Synchronous flag clocking at 
input port. 


PAE Set by TWCLK, reset by TRCLK. Asynchronous flag clocking 
Set and reset by TWCLK. Synchronous flag clocking 


Set and reset by TRCLK. Synchronous flag clocking at out- 
put port. 


are not driving the output bus; 
in the high-z state. thus, guards against data loss. 


Normal operating mode. For all in-system applications. 
Special test mode. Reserved for testing purposes. 
NOTES: 


1. When Command Register bits 06-11 are LOW, the FIFO behaves in a manner functionally equivalent to the |DT72215A/25A FIFO of similar 
depth and speed grade. 

2. If EMODE is not asserted (is HIGH), Command Register bits 06-10 remain LOW. However, if EMODE is asserted (is LOW), Command Register 
bits 06-10 are forced HIGH, and remain HIGH until changed. Command Register bits 00-05 and 11 are unaffected by EMODE. 





OE nase sient one read ssekies the read-address pointer 
operation. to advance even when Qo—-Qi7 
are not driving the output bus. 
——. .. Inhibits the read-address pointer | 
| OE inhibits a read operation when- 
ever the data outputs Qo — Q17 are from advancing when Qo — Qi7 


Table 6. Expansion-Pin Usage According to 
Grouping Mode 


C1 | wrt Wens | Grounded 
| 0 | WXOHF || BecomesHF | BecomesHF | ToWXI(netstFIFO) | ToWXI(netstFIFO) 
| 1 | RXUREN2 || Grounded __|_FromEF (other FIFO) | From RXO (n-tstFIFO) | From RXO (n-1st FIFO) _| 
|O | RKO || Unused | Unused =| TORI (netst FIFO) | ToRXI (n+1st FIFO) 
hale | 


Grounded Log LOW) | Logic HGH 
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DESCRIPTION OF SIGNALS AND 
OPERATING SEQUENCES (cont'd) 


Control/Status Outputs 


FULL FLAG (FF) 


FF goes LOW whenever the FIFO is completely full; 
that is, whenever the FIFO’s internal write pointer has 
completely caught up with its internal read pointer, so that 
if another word were to be written it would have to 
overwrite the unread word now in position for reading out 
by the next requested read operation. Under these con- 
ditions, the FIFO is filled to its nominal capacity, which is 
512 18-bit words for the LH540215 or 1024 18-bit words 
forthe LH540225 respectively. Write operations are inhib- 
ited whenever FF is LOW, regardless of the assertion or 
deassertion of Write Enable (WEN). 


If the FIFO has been reset by asserting RS (LOW), FF 
initially is HIGH. But, whenever no read operations have 
been performed since the completion of the reset opera- 
tion, FF goes LOW after 512 write operations for the 
LH540215, or after 1024 write operations for the 
LH540225. (See Table 4.) 


FF gets updated after a LOW-to-HIGH transition of the 
Write Clock (WCLK). 


PROGRAMMABLE ALMOST-FULL FLAG (PAF) 


PAF goes LOW whenever the FIFO is ‘almost’ full: 
that is, whenever subtracting the value of the FIFO’s 
internal read pointer from the value of its internal write 
pointer yields a difference which is less than the value of 
the Programmable-Almost-Full-Flag Offset ‘m.’ The sub- 
traction is performed using modular arithmetic, modulo 
the total nominal number of 18-bit words in the FIFO’s 
physical memory, which is 512 for the LH540215 or 1024 
for the LH540225 respectively. 


The default value of ‘m’ after the completion of a reset 
operation is about 1/8 of this total nominal number of 
words: 63 for the LH540215 or 127 for the LH540225 
respectively. However, ‘m’ may be Set to any value which 
does not exceed this total nominal number of words, as 
explained in the description of Load (LD). 


lf the FIFO has been reset by asserting RS (LOW), and 
no read operations have been performed since the 
completion of the reset operation, PAF goes LOW after 
(512-m) write operations for the LH540215, or after 
(1024-m) write operations for the LH540225. (See 
Table 4.) 


If m is still at its default value, PAF is LOW whenever 
the FIFO is from 7/8 full to completely full. 
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ADVANCE INFORMATION 512 x 18/1024 x 18 Synchronous FIFO 


In the IDT-compatible Default Operating Mode, PAF 
changes from HIGH to LOW only after a LOW-to-HIGH 
transition of the Write Clock WCLK, and from LOW to 
HIGH only after a LOW-to-HIGH transition of the Read 
Clock RCLK. Thus, in this operating mode, PAF behaves 
as an ‘asynchronous flag.’ 


In the optional Enhanced Operating Mode, on the other 
hand, PAF gets updated only after a LOW-to-HIGH tran- 
sition of the Write Clock WCLK, and thus behaves as a 
‘synchronous flag.’ (See Table 5.) This behavior may be 
selected by setting Command Register bit 09. 


WRITE EXPANSION OUT/HALF-FULL FLAG 
(WXO/HF) 


WXO/HF is a dual-purpose signal. In ‘standalone’ op- 
eration, it behaves as a Half-Full Flag (HF), in accordance 
with Table 4. In IDT-compatible ‘cascaded’ operation, it 
behaves as a Write Expansion Output (WXO) signal to 
coordinate writing operations with the next FIFO in the 
cascade. Under these same conditions, also, the dual- 
purpose WXI/WEN2 and RXI/REN2 inputs behave as 
Write Expansion Input (WX!) and Read Expansion Input 
(RXI) signals respectively. 


When two or more LH540215 or LH540225 FIFOs are 
‘cascaded’ to operate as a larger ‘effective FIFO,’ in a 
‘daisy-chain’ ring configuration, the Write Expansion Input 
(WXI) of each FIFO is connected to WXO of the previous 
FIFO in the ring, with WXI of the ‘first-load’ or ‘master’ 
FIFO being connected to WXO of the last FIFO so as to 
complete the ring. Similar connections are made for each 
FIFO in the ring, parallel to these WXO-to-WXI connec- 
tions, for Read Expansion Input (RXI) and Read Expan- 
sion Output (RXO). 


When the last physical location has been written in a 
FIFO operating in cascaded mode, a LOW-going pulse is 
emitted by that FIFO on its WXO output; otherwise, WXO 
remains constantly HIGH whenever the FIFO is operating 
in cascaded mode. This LOW-going WXO pulse serves 
as a ‘token’ in the ‘token-passing’ FIFO-cascading 
scheme; it is passed on to the next FIFO in the ring via its 
WxXI input. When this next FIFO receives the token, it is 
activated for writing. 











The foregoing description applies both to the ‘first-load’ 
or ‘master’ FIFO in the ring, and to any and all ‘slave’ 
FIFOs in the ring. However, WXO has no necessary 
function for FIFOs operating in the ‘standalone’ mode. 
Consequently, in that mode, the same output pin is used 
for HF; it follows that HF is not available as an output from 
any FIFO which is operating in the IDT-compatible cas- 
caded mode. A FIFO is initialized into ‘cascaded master’ 
mode, into ‘cascaded slave’ mode, into interlocked paral- 
leled mode, or into standalone mode according to the 
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512 x 18 / 1024 x 18 Synchronous FIFO ADVANCE INFORMATION 


DESCRIPTION OF SIGNALS AND 
OPERATING SEQUENCES (cont'd) 


state of its WXI/WEN2, RXI/REN2, and FL/RT control 
inputs during a reset operation, and of Command Regis- 
ter bit 11. (See Table 2, Table 5, and Table 6.) 


In standalone or interlocked paralleled operation, HF 
goes LOW whenever the FIFO is more than half full; that 
is, whenever subtracting the value of the FIFO’s internal 
read pointer from the value of its internal write pointer 
yields a difference which is less than half of the total 
nominal number of 18-bit words in the FIFO’s physical 
memory, which is 256 for the LH540215 or 512 for the 
LH540225 respectively. (See Table 4.) The subtraction is 
performed using modular arithmetic, modulo this total 
nominal number of words, which is 512 for the LH540215 
or 1024 for the LH540225 respectively. 


Ifthe FIFO has been reset by asserting RS (LOW), and 
it is operating in standalone or interlocked paralleled 
mode, and no read operations have been performed 
since the completion of the reset operation, HF goes LOW 
after 257 write operations for the LH540215, or after 513 
write operations for the LH540225. (See again Table 4.) 


In the IDT-compatible Default Operating Mode, HF 
changes from HIGH to LOW only after a LOW-to-HIGH 
transition of the Write Clock WCLK, and from LOW to 
HIGH only after a LOW-to-HIGH transition of the Read 
Clock RCLK. Thus, in this operating mode, HF behaves 
as an ‘asynchronous flag.’ 


Inthe optional Enhanced Operating Mode, onthe other 
hand, HF gets updated only after a LOW-to-HIGH transi- 
tion of the Read Clock RCLK, or else after a LOW-to- 
HIGH transition of the Write Clock WCLK, according to 
the setting of bits 07 and 08 of the Command Register. 
(See Table 5.) Thus, in this mode HF behaves as a 
‘synchronous flag,’ and may be synchronized either to 
the input side or to the output side of the FIFO. 


PROGRAMMABLE ALMOST-EMPTY FLAG (PAE) 


PAE goes LOW whenever the FIFO is ‘almost empty’; 
that is, whenever subtracting the value of the FIFO’s 
internal write pointer from the value of its internal read 
pointer yields a difference which is less than n + 1, where 
‘ry’ is the value of the Programmable-Almost-Empty-Flag 
Offset. The subtraction is performed using modular arith- 
metic, modulo the total nominal number of 18-bit words 
in the FIFO’s physical memory, which is 512 for the 
LH540215 or 1024 for the LH540225 respectively. 


The default value of n after the completion of a reset 
operation is about 1/8 of this total nominal number of 
words, 63 for the LH540215 or 127 for the LH540225 
respectively. However, n may be set to any value which 


LH540215/25 


does not exceed this total nominal number of words, as 
explained in the description of Load (LD). 


Ifthe FIFO has been reset by asserting RS (LOW), and 
no write operations have been performed since the com- 
pletion of the reset operation, then PAE is LOW. (See 
Table 4.) 


If nis still at its default value, PAE is LOW whenever 
the FIFO is from 1/8 full to completely empty. 


In the IDT-compatible Default Operating Mode, PAE 
changes from HIGH to LOW only after a LOW-to-HIGH 
transition of the Read Clock RCLK, and from LOW to 
HIGH only after a LOW-to-HIGH transition of the Write 
Clock WCLK. Thus, in this operating mode, PAE behaves 
as an ‘asynchronous flag.’ 


Inthe optional Enhanced Operating Mode, onthe other 
hand, PAE gets updated only after a LOW-to-HIGH tran- 
sition of the Read Clock RCLK, and thus behaves as a 
‘synchronous flag.’ (See Table 5.) This behavior may be 
selected by setting Command Register bit 06. 


EMPTY FLAG (EF) 


EF goes LOW whenever the FIFO is completely 
empty; that is, whenever the FIFO’s internal read pointer 
has completely caught up with its internal write pointer, 
so that if another word were to be read out it would have 
to come from the physical memory location now in posi- 
tion to be written into by the next requested write opera- 
tion. Read operations are inhibited whenever EF is LOW, 
regardless of the assertion or deassertion of REN. 


Ifthe FIFO has been reset by asserting RS (LOW), and 
no write operations have been performed since the 
completion of the reset operation, then EF is LOW. (See 
Table 4.) 


EF gets updated after a LOW-to-HIGH transition of the 
Read Clock RCLK. 


READ EXPANSION OUT (RXO) 


When two or more LH540215 or LH540225 FIFOs are 
operating in |DT-compatible ‘cascaded’ mode as a larger 
‘effective FIFO,’ the dual-purpose RXI/REN2 and 
WXI/WENg2 inputs behave as Read Expansion Input 
(RX!) and Write Expansion Input (WXI) signals respec- 
tively. The cascade of FIFO devices has a ‘daisy-chain’ 
ring configuration; the Read Expansion Input (RXI) of 
each FIFO is connected to RXO of the previous FIFO in 
the ring, with RXI of the ‘first-load’ or ‘master’ FIFO being 
connected to RXO of the last FIFO so as to complete the 
ring. Similar connections are made for each FIFO in the 
ring, parallel to these RXO-to-RXI connections, for Write 
Expansion Input (WX!) and Write Expansion Output 
(WXO). 
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DESCRIPTION OF SIGNALS AND 
OPERATING SEQUENCES (cont’d) 


When the last physical location has been read in a 
FIFO operating in cascaded mode, a LOW-going pulse is 
emitted by that FIFO on its RXO output; otherwise, RXO 
remains constantly HIGH. This LOW-going RXO pulse 
serves as a token’ in the token-passing FIFO-cascading 
scheme; it is passed on to the next FIFO in the ring via its 
RXI input. When this next FIFO receives the token, it is 
activated for reading. 


After a FIFO emits an RXO pulse, its data outputs go 
into high-Z state, regardless of the assertion or deasser- 


tion of its Output Enable (OE) control input, until it again 
receives the token. 
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The foregoing description applies both to the ‘first-load’ 
or ‘master’ FIFO in the ring, and to any and all ‘slave’ 
FIFOs in the ring. However, RXO has no necessary 
function for a FIFO which is operating in ‘standalone’ 
mode. Consequently, in that mode, RXO is never as- 
serted, and remains constantly HIGH. AFIFO is initialized 
into ‘standalone’ mode, into ‘cascaded master’ mode, or 
into ‘cascaded slave’ mode according to the state of its 
WXI/WEN2, RXI/RENe2, and FL/RT control inputs during 
a reset operation. It also may be forced into interlocked 
paralleled mode by EMODE. (See Table 2, Table 5, and 
Table 6.) 
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PRODUCT PREVIEW 
1024 x 36 Synchronous FIFO 





FEATURES 


e Fast Cycle Times: 15/20/25/30 ns 


e Selectable 36/18/9-Bit Word Width on Both Input 
Port and Output Port 


e ‘Synchronous’ Enable-Plus-Clock Control at 
Both Ports 


e Independently-Synchronized Operation of 
Input Port and Output Port 


e Pinout Similar to LH5420 256 x 36 x 2 
Bidirectional FIFO 


e Control Inputs Sampled on Rising Clock Edge 
(Except RS and AOE) 


e Most Control Signals Assertive-LOW for 
Noise Immunity 


e High-Drive Three-State Outputs 


e Device Comes Up Into Known Default State at 
Reset; Programming is Allowed, but is not Required 


e Five Status Flags: Full, Almost-Full, Half-Full, 
Almost-Empty, and Empty; ‘Almost’ Flags are 
Programmable 


e All Five Status Flags are Completely Synchronous 


e Duplicate Enables for Interlocked Paralleled FIFO 
Operation, for 72-Bit Data Width 


® Both Edge-Sampled (OE) and Asynchronous (AOE) 
Output Enables 


e Automatic Byte Parity Checking; Optional Byte 
Parity Generation 


e TTL/CMOS-Compatible I/O 


e |EEE1149.1-Compliant (STAG) Boundary-Scan 
Test Logic 


e Space-Saving PQFP and PGA Packages 


FUNCTIONAL DESCRIPTION 


The LH543620 is a FIFO (First-in, First-Out) memory 
device, based on fully-static CMOS RAM technology, 
capable of containing up to 1024 36-bit words. It can 
replace four or more byte-wide FIFOs in many applica- 
tions, for microprocessor-to-microprocessor or micropro- 
cessor-to-bus communication. Its architecture supports 
synchronous operation, tied to two independent free-run- 
ning clocks at the input and output ports respectively. 
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However, these ‘clocks’ also may be aperiodic, asynchro- 
nous ‘demand’ signals. Almost all control input signals 
and status output signals are synchronized to these 
clocks, to simplify system design. 


The input and output ports operate altogether indepen- 
dently of each other, unless the FIFO becomes either 
absolutely full or else absolutely empty. Data flow is 
initiated at a port by the rising edge of its corresponding 
clock, and is gated by the appropriate edge-sampled 
enable signals. 


The following FIFO status flags monitor the extent to 
which the internal memory has been filled: Full, Almost- 
Full, Half-Full, Almost-Empty, and Empty. The Almost-Full 
and Almost-Empty flags are programmable over the en- 
tire FIFO depth; but they are each initialized to a default 
offset of eight locations from the respective boundaries 
during a reset operation. If this default offset is satisfac- 
tory, no further programming is required. 


Both the input port and the output port may be set, 
independently, to operate at three data-word widths: 36 
bits, 18 bits, and 9 bits. This setting may be changed 
during system operation; however, the word-width-control 
signals must meet the usual setup-time and hold-time 
conditions for control inputs. 


9-bit bytes passing through the FIFO are assumed to 
be making use of a parity bit, and parity is automatically 
passively checked. A flag indicates the results of this 
parity checking; if parity checking is not desired, the value 
of this flag may be ignored. When the FIFO is reset, the 
parity-checking logic is initialized to use odd data parity; 
but the FIFO may be programmed to use either even 
parity or odd parity during subsequent operations. Also, 
the FIFO may be programmed to actively generate, and 
record, a parity bit into the most-significant bit of each 9-bit 
byte of data passing through the internal memory array, 
overwriting the previous contents of those bits. 


Coordinated operation of two paralleled LH543620 
FIFOs, as one 1K x 72 FIFO, may be ensured by 
‘interlocked’ crosscoupling of the FF and EF outputs from 
each FIFO to the assertive-HIGH enable inputs of the 
other one; FF to ENl2, and EF to ENOsg, in both directions 
between two paralleled FIFOs. 


Two separate input control signals are provided for 
enabling/disabling the 3-state outputs: OE, which is syn- 
chronized to CKO, and is held in a flipflop within the 
LH543620 during use; and AOE, which is entirely asyn- 
chronous. In any given application, whichever one of 
these signals is not in use normally must be grounded; 
both must be asserted to enable the 3-state outputs. 
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LH64270 


CMOS 1M (270K x 4) Field Memory 





FEATURES 


e 276,480 x 4 bit configuration 
(270 lines x 1,024 bits) 


e Applicable to 4 fsc sampling field size 
(263 lines x 910 bits) for NTSC signal 


e Selectable field size: 
Line count: 262, 262.5, 263, or 2/70 
Line length: 910 or 1,024 


e RCLR and WCLR pins allow the 
memory to be used as a delay line of 
desired bit length (1 to 276,480 bits) 


e Access time: 50 ns (MAX.) 
e Cycle time: 60 ns (MIN.) 
e Power supply: 5 V+ 10% 


e Power consumption: 
Operating: 550 mW (MAX.) 
Standby: 110 mW (MAX.) 


e TTLcompatible I/O 
(Three state for DOo - DO3) 


e Package: 
28-pin, 400-mil SDIP 


DESCRIPTION 


The LH64270 is a field memory LSI organized as 
276,480 words x 4 bits of dynamic RAM. 


It performs consecutive read and write operation of 
NTSC signals at a 4 fsc sampling rate to obtain one 
field of delayed data (as a result). 


It is designed for use in personal computers as well 
as in IDTV systems. 


PIN CONNECTIONS 


28-PIN SDIP 


281) EXT/INT 


1 
2 
3 
4 
5 
6 
7 
8 





Figure 1. Pin Connections for SDIP Package 
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LH64270 CMOS 1M (270K x 4) Field Memory 


WRITE 
| DATAREGISTER | 


ARBITER 

READ/WRITE | 
ADDRESS 

GENERATOR 


| BLOCK 2 


READ READ 
DATA REGISTER | DATA REGISTER 
READ 


READ 
z ADDRESS POINTER Pd ADDRESS POINTER j 
' READ 
CONTROLLER 





PIN DESCRIPTION 


WCK,RCK Write/read clock input | 
















[sienat_| 
DQo - DOs 
LSo, LS; Line count select input 


ane 
aan; 
[BS | Bitcount select input | 


GND, 
eubrehon [mn | 


Non connection 






Read data output 


Write control input | 
| = OE” Output enable input 


External/internal sync. : 










W 
ANT | 
~~ ——__ | Write/read address clear 
[Blo-Dis | Write data input 


NOTES: 
1. Pins 21, 26 and 27 are not interconnected. These pins should all be connected to +5 V power. 


2. Pins 8, 22, 23, 24 and 25 are not interconnected. These pins should all be connected to 0 V. 
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PIN FUNCTION 


an ueret Data input Write data input 


Set the address of the next write cycle, after setting the WCLR signal at 
"LOW", to the beginning-of-field address (Address 0). The WCLR signal is 
detected only for one write cycle period after its falling edge. 


[BO>=005 | Data output | O | Read data output (Three state) 


Write address 
pointer clear 


Bead ctaraee Set the address of the next read cycle, after setting the RCLR signal at 
ea a His "LOW", to the beginning-of-field address (Address 0). The RCLR signal is 
pointer clear detected only for one read cycle period after its falling edge. 


The W signal controls data write operation. It also enables write operation of 
one field (W = “Low") or disables write operation of one field (W = "High") by 
synchronizing with the WCLR signal. 


The OE signal controls data read from data output pins. Its "Low" level 
enables data read on the data output pins, and its "High" level prohibits data 

Output enable read with setting the data output pins to high-impedance. Regardless of the 
OE signal’s input level, the read address pointer continues to step up in 
response to the read clock (RCKk). 


Write control 


The WCK clock is a system clock input for data write. Write data is sampled 
by a rising edge of the WCK clock and transferred to an internal write data 
register. The write address pointer is stepped up by one address in each 
write clock cycle. 


The RCK clock is a system clock input for data read. Read data is output 
after the access time from the rising edge of the clock. The read address 


Read clock pointer is stepped up by one address in each read clock cycle. The RCK 
clock is required to be identical to the WCK clock. 


LSo and LS; signals determine the line number of one field. According to the 
combination of these signal input levels, one field can be 262 lines, 262.5 
LSo, LS; Line selection lines, 263 lines, or 270 lines. The line number can be determined for each 


field. [ (LSo, LS1) ; (L, L) = 262 lines, (H, L) = 262.5 lines, (L, H) = 263 lines, 
(H, H) = 270 lines ] 


Bit selection The BS signal sets the line bit length to either 910 bits (BS = "Low") or 1024 
bits (BS = "High"), which is selectable for each field. 


INT sync. mode: 

Setting this pin "LOW" invokes internal sync. mode. In this mode, the write 

address and read address are always coincident. Following a data write or a 

data read of the last bit of the last line of a field, the first clock input (WCK, 

RCk) starts a new access from the first bit of the first line of the next field. 
EXT/INT Ext./Int. sync. (Data input and output for one field is consecutively performed). The clear 

selection signals (WCLR, RCLR) must be kept at "HIGH" level in this mode. 

EXT sync. mode: 

Setting this pin "HIGH" invokes external sync. mode. In this mode, the write 

address and the read address can be independently controlled. The write 

address and the read address can be reset by the WCLR signal and the 

RCLR signal, respectively. 





ABSOLUTE MAXIMUM RATINGS 


Pin voltage —=S*dY=C«W «YS AOto v7 | 
[Supply voltage | Veo | A.0tov7.0 | Vv 
es 

co 

Ea 


| Output current 
| Operating temperature 0 to +70 
Storage temperature -55 to +125 
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LH64270 CMOS 1M (270K x 4) Field Memory 


RECOMMENDED OPERATING CONDITIONS (Ta = 0 to 70°C) 
[PARAMETER | SYMBOL | WIN | TR | MAX | ONT 


Supply votage | Voc | 45 | 50 | 55 | V 
input "High" votage | Vm | 24 | | ss | v_ 
input Low" voltage | ve | 4.0 | | oe [|v 


DC CHARACTERISTICS (Vcc = 5 V + 10%, Ta = 0 to 70°C) 
[| _PARAMETER | SYMBOL | __—CONDITIONS =| MIN, | MAX. | UNIT 


W, RCLR, WCLR, OE = Vin 
BS, RCK, WCK, LSo, LS; = ViL 

| Standby current Icc2 Dlo - Dis, EXT/INT = Don't care mA 

DOpo - DO3 = Open 

OV<Vins 5.5V 

Input leakage current 0 Von all inputs except the pin pA | 
| under test 
| 0V<VouTs 5.5V 


[Output "High voltage | Vow | _itour=-2mA_——S«d| a 
Output Low" vottage | Vo | tour=40mA_——S«dY Ss ~«dY | 


AC CHARACTERISTICS (Vcc = 5 V + 10%, Ta = 0 to 70°C) 
PARAMETER | SYMBOL | MIN. =| MAX. | UNIT _ 


RCK cycle time 

WCK cycle time 

RCK "High" pulse width 

WCK “High” pulse width 

RCK “Low” pulse width 

WCK “Low” pulse width 

Input data setup to WCK 

Input data hold to WCK 

Access time from RCK 

Output data hold to RCK 

OE access time 

Output data hold time from OE 
Output disable time from OE 

W setup time from WCK 

W hold time from WCK 

BS setup time from RCK, WCK 

BS hold time from RCK, WCK 

LSo - LS1 setup time from RCK, WCK 
LSo - LS; hold time from RCK, WCK 
RCLR, WCLR pulse width 

RCLR, WCLR setup time from RCK, WCK 
RCLR, WCLR hold time from RCK, WCK 
Input transition time (rise/fall) 























NOTE: Atleast 500 ps of pause time after power-on should be given, and then clocks (WCK and RCK) 
must be input more than 8,192 times to initialize dynamic circuits. 
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CMOS 1M (270K x 4) Field Memory LH64270 


AC TEST CONDITIONS 


PARAMETER RATING 


1.5V 


0.8V,2V 


PARAMETER SYMBOL CONDITIONS 


Input capacitance Ci All input pins 


WCK, RCK 


WwW 
tion 


KX OKT XX XE 


n-2 


sey 
OOD OX _XXXX_XY 
KKK K XEN) LXER 
XXX KKXXIEK | KXAKEKREKXXEKEKEK 


tass ‘asu 





| NOTE: WCLR = "HIGH", RCLR = “LOW" 


Figure 3. Internal Sync. Mode (EXT/INT - Low) 


SHARP 8-5 


LH64270 CMOS 1M (270K x 4) Field Memory 
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Figure 4. External Sync. Mode (EXT/INT - High) 


ORDERING INFORMATION 


LH64270 X - ## 
Device Type Package Speed 


—_ 50 Access Time (ns) 
Blank 28-Pin, 400-mil SDIP (SDIP28-P-400) 


CMOS 1M (270K x 4) Field Memory 


Example: LH64270-50 (CMOS 1M (270K x 4) Field Memory, 50 ns, 28-Pin, 400-mil SDIP) 





LH66180 


CMOS 1M (180K x 6) Field Memory for VCR 





FEATURES 


e Dynamic "FIFO" memory organized as 
263 rows x 720 columns x 6 bits 
(compatible with NTSC composite signal 
processing) 


e First FIFO operation: 
Serial access time: 65 ns (MAX.) 
Serial cycle time: 88 ns (MIN.) 


e Power consumption: 
Operating: 413 mW (MAX.) 
Standby: 83 mW (MIN.) 


e 6-bit parallel I/O pin 


e Uninterrupted, simultaneous 
read/write Capability 


e Built-in top address data register for 
memory address reset data 


e Built-in resettable sequential 
address generator 


e Self-refresh function 


e Memory address reset capability 
for one field 


e Single +5 V power supply 
e TTLcompatible I/O 
e CMOS double-metal process 


e Package: 
22-pin, 400-mil DIP 


SHARP 


DESCRIPTION 


The LH66180 is a 189,360 x 6 bit dynamic FIFO 
memory which provides fast image data processing at 
a 6 bit rate. Since it is compatible with 3 fsc sampling 
and one field of 6-bit quantized data, the LH66180 is 
applicable to a field memory for use in VCRs and video 
disc recorders. 


The LH66180’s memory block is divided into two 
sections so that fast image data of large capacity can 
be efficiently processed. Those two sections of memory 
block are alternately accessed to read and write data 
simultaneously and continuously. 


PIN CONNECTIONS 


22-PIN DIP TOP VIEW 


1 
2 
3 
4 
5 
6 
7 
8 
9 





Figure 1. Pin Connections for DIP Package 
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LH66180 CMOS 1M (180K x 6) Field Memory 


MEMORY _ | MEMORY 
BLOCK | BLOCK II 
(94,680 X 6 BIT) | (94,680 X 6 BIT) 


ROW ADDRESS 
COUNTER | 
ROW DECODER | 
ROW DECODER II 
ROW ADDRESS 
COUNTER II 


z 
o 
s 
wi 
Z 
tu 
Oo 
— 
a § 
z 
© 
D 
oO 
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= 
ed 


| R/W REGISTER | | le] R/WREGISTER II 
| SERIALSELECTOR | SERIAL SELECTOR 


[wx] [Mux] 


12-BIT TOP 
ADDRESS DATA 
REGISTER 


[wrureurren | 
Sete s: 


Dip Dl, Dlp Dlg Diy Ds DO, DO, DO, DO, DO, DO; 





Figure 2. LH66180 Block Diagram 


PIN DESCRIPTION 


SIGNAL PIN NAME 
| Dlo-Dis | Serial input for 6-bit data to be received from A/D converter. | 
DOo - DOs Serial output for 6-bit data to be transferred to D/A converter. | 


| sck Serial clock input. Applying a HIGH level signal to the SCK pin places the device 















in self-refresh mode. 









Reset input for an accessed memory address. The memory address is reset in 
response to the fall of the RST signal, and restarts memory cycling from the top 
address of memory. 





Write control input for one field of serial input data. Applying a LOW level signal 
to WE pin allows read/write operation. A HIGH level signal allows read operation 


+5 V power supply * 


K 
T 
E 
Cc 
D 0 V power supply * 


Sc 


NOTE: The device has multiple Vcc and GND for reduced noise. All Vcc and GND pins must be connected. 
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READ OPERATION 


The Field Memory consists of a DRAM cell array 
which is divided into two blocks, and a top address 
register which is accessed immediately after a reset. 
Data is output from DOo-DOs synchronously with SCK. 
The first 12 bits of data are accessed from the top 
address register in response to the fall of the RST signal. 
During this period, data in all the memory cells linked 
to row address No. 1 of the first memory block are 
transferred to the first R register. This data is subse- 
quently output in succession from the first R register by 
the SCK clock. Before all the data is output from the 
first R register, the second memory block becomes 
active, and data in all the memory cells linked to row 
address No. 1 of the second memory block are trans- 
ferred to the second R register. These are output by 
the SCK clock following the last data of the first R 
register. In this manner, the memory blocks are alter- 
nately accessed, so that data can be continuously output 
from the alternate R registers by the SCK clock. When- 
ever the memory address is reset with the RST signal, 
data is re-read starting with the top address register. 
Thus, uninterrupted reading of data is made possible. 


ABSOLUTE MAXIMUM RATINGS 









PARAMETER SYMBOL RATING UNIT NOTE 
Operating temperature 0 to +70 ae ae 
Storage temperature 5to+150 | °C | | 


WRITE OPERATION 


Data is input through Dlo-DIs whenever WE = "Low". 
The first 12 bits are input to the top address register in 
response to the fall of the RST signal. Thereafter, data 
is input to the first W register, synchronously with the 
SCK clock. Once the first W register becomes filled 
with input data, subsequent input data is directed to the 
second W register. Meanwhile, the contents of the first 
W register are transferred into row address No. 1 of the 
first memory block. Once the second W register be- 
comes filled, its contents are transferred into row ad- 
dress No. 1 of the second memory block, while the first 
W register receives new input data. In this manner, the 
data is alternately input to the W registers, then trans- 
ferred to the memory cells one row at a time. This 
operation is alternately repeated until the memory ad- 
dress is reset by the RST signal, causing data to be 
input to the top address register while the row address 
is reset. Thus, uninterrupted writing of data is made 
possible. 









NOTE: 1. The maximum applicable voltage on any pin with respect to GND. 


RECOMMENDED OPERATING CONDITIONS (Ta =0 to +70°C) 


Supply voltage 


Input voltage 


NOTE: Referenced to GND. 





DC CHARACTERISTICS (Vcc = 5 V + 10%, Ta = 0 to +70°C) 
a eee eal 
Ee eee ee 
| 


| 
louT = 4.2 mA 


Operating current 


Standby current 


Input leakage current 


During normal operation 
tscc = MIN., outputs open 





LH66180 CMOS 1M (180K x 6) Field Memory 


AC CHARACTERISTICS (Vcc = 5 V+ 10%, Ta = 0 to +70°C) 
syueol | WN | TR 



















Serial clock "L" pulse width | tsa. | 30 | 40 | | ns | 
PRET hold time ——*d tis ts 
Access time from SOK | tsca || Sid | 
[Hold tine forSCK | tson | 0 
| WE setuptime | twes, | Pts 
WE holdtime ——+(| won [0 | 
[Setuptime fordata input | tos [5 | ‘| ——*dY ns 





CAUTION: 


At power on, for proper operation, at least 500 ps of pause time followed by 
1,440 initialization cycles should be given. 





Figure 3. Serial Clock Timing 
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Figure 4. Field Synchronous Mode (Read/Write Cycle) 
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CMOS 1M (180K x 6) Field Memory | LH66180 


SELF-REFRESH 
12 TO 360 CYCLE toersr 


tRsH tass| | 'asH 


ves | 
tsca 


‘ 


Isca 


aD Ga aD) CD ID 


twos 


WE 


NOTE: Appling a HIGH level signal to WE places the device in read-out mode, 
and still pictures can be obtained. 


To enter self-refresh mode, it is necessary to return to the top of a memory 

address with an RST input, while the WE signal is kept HIGH in order to inhibit 

write operation. Then, at least 12 initialization cycles up to 360 cycles should be given. 
When the SCK goes HIGH for more than 100 ys, the device is placed in self-refresh 
mode. To resume access after self-refresh, it is necessary to return to the top of a 
memory address with an RST input. Read out the one field after self-refresh by 
applying a HIGH level signal to WE. 





Figure 5. Self-refresh Mode (Note 2) 


ORDERING INFORMATION 


LH66180 X - ## 
Device Type Package Speed 


a 65 Access Time (ns) 


Blank 22-Pin, 400-mil DIP (DIP 22-P-400) 


CMOS 180K x 6 Field Memory 


Example: LH66180-65 (CMOS 1M (180K x 6) Field Memory, 65 ns, 22-Pin, 400-mil DIP) 
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Synchronous Bidirectional FIFO 





DATABUS FUNNELING MADE EASY 


INTRODUCTION 


The Sharp LH5420 256 x 36 x 2 CMOS Bidirectional 
FIFO is an innovative device which turns the difficult 
task of funneling and defunneling different-size 
databusses into an easy one-component solution. Fun- 
neling refers to a situation where data from a larger 
databus (eg. 32-bits wide, 36-bits with parity) must be 
segmented (usually in increments of 8-bits, 9-bits with 
parity) and transferred to a smaller databus (eg. 8-bits 
wide, 9-bits with parity). The funneling options available 
on the LH5420 are "36-bits to 9-bits" and "36-bits to 
18-bits". Defunneling refers to just the opposite of fun- 
neling. To defunnel, data from a smaller databus (eg. 
8-bits wide, 9-bits with parity) is combined together 
sequentially with other data from that databus, and 
transferred in parallel to a larger databus (eg. 32-bit 
wide, 36-bit with parity). The defunneling options avail- 


able are "9-bits to 36-bits" and "18-bits to 36-bits”. For 
wide word applications on both ports, "36-bit to 36-bit" 
buffering is also available. 


Avery important feature of the LH5420 is the ability to 
operate bidirectionally. The term Bidirectional refers to 
the LH5420s ability to funnel and defunnel between 
different sized databusses, allowing data to travel in 
both directions. Bidirectional operation is also available 
when the full width of both ports are used (eg. 36-bit to 
36-bit buffering). 


The advantages of the LH5420 bidirectional FIFO to 
the system designer are: elimination of several conven- 
tional FIFOs and glue logic; significant reduction of 
board space; elimination of the complexities of handling 
bus contention; and improved system performance. 
But, most importantly, it makes databus funneling easy. 
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Figure 1. LH5420 Block Diagram 
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CONVENTIONAL DATABUS FUNNELING 
SOLUTIONS CAN BE AWKWARD 


The rapid transfer of information between a databus of 
one size to a databus of a different size (funneling or 
defunneling) seems like a simple enough operation, 
when viewed on paper in block diagram form; but the 
block diagram must be transformed into a high-speed 
circuit design. Conventional solutions require many 
components, and considerable board area. Further, the 
timing required for reading, writing, and flag detection 
for multiple parts in parallel, places a heavy burden on 
reliable high speed operation. 


CONVENTIONAL FUNNELING CIRCUIT 
DESIGN 


Figure 2 shows a bus-funneling circuit designed using 
conventional components. Figure 2a is an example of 
the timing required to use the circuit in Figure 2. Figure 3 
shows the circuit which must accompany Figure 2 if the 
circuit were expected to operate bidirectionally (funnel 
and defunnel). Figure 3a is an example of the timing 
required to use the circuit in Figure 3. An obvious dis- 
advantage of this conventional funneling circuit is the 
number of components required. One "Programmable 





Synchronous Bidirectional FIFO 


Logic Device” (PLD) and four standard 256 x 9 FIFOs 
are required for one-way funneling. If bidirectional op- 
eration (funneling and defunneling) is important, two 
PLD’s and eight 256 x 9 FIFOs are required. The com- 
bination of all these components results in very restric- 
tive data setup (tps)and hold (tpH) timings during a Write 
cycle, and restrictive access timings (ta) due to the risk 
of databus contention during a Read cycle. In many 
cases, high speed operation would be out of the ques- 
tion. Tight controls on signal noise and signal skew 
might also be required to keep the four FIFOs synchro- 
nized. After all this, the circuit designer would do just 
about anything for a single-chip solution. Setup and 
Hold times for a single asynchronous 256 x 9 FIFO are 
typically 10 ns and 0 ns respectively for access times 
of 20 ns. Because this defunneling circuit is a combi- 
nation of separate components (see Figure 3), setup 
and hold times would have to be increased significantly 
to ensure correct synchronization due to signal propa- 
gation delays of the control signals and data. In a 
conventional defunneling circuit, there could be as many 
as four 9-bit words waiting to be written sequentially 
into four different FIFOs. Each of the four 9-bit words 
requires its own setup (tps) and hold (tox) time (see 
Figure 3a). These restrictions will limit the maximum 
defunneling frequency of this circuit. 
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Figure 2. 36-Bit to 9-Bit Conventional Funneling FIFO Circuit 
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Databus contention is a common problem experienced 
when combining two or more output pins from different 
devices in parallel, on the same databus (see Figure 2). 
If during a Read cycle, at least two of the output pins 
happen to be momentarily on at the same time, the two 
output drivers potentially could fight against each other 
driving the data bus to opposite logic states (one driver 
pulling the bus to OV, while the other driver is simulta- 
neously pulling the bus to 5 V). Databus contention 
degrades system performance and increases the sys- 
tem operating current. 


Another significant disadvantage with using the conven- 
tional component solution is handling the flags. Each 
256 x 9 FIFO has 3 types of flags which can be used 
in the application to indicate the current FIFO status 
(Empty , Full, or Half Full). Most designers use a flag 
from only one of the four FIFOs. This flag-handling 
technique has a significant disadvantage. When a flag 
from only one of the four 9-bit wide FIFOs is used to 
represent the entire 36-bit word, there is no way to 
insure that the other three FIFO flags are synchronized 
(empty, full, or half full at the same time) with the first. 
There is the possibility that one, two, or all three of the 
other FIFOs may have become unsynchronized (due to 


READ CYCLES 


| NOTE: 7p, f;, f, 3, = PLD generated READ signals. 
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signal noise, excessive signal skew, etc.) and are now 
contributing incorrect data to the 36-bit word. 


SHARP’s Single Chip Solution to the 


Complexities of Funneling 


The LH5420 CMOS Bidirectional FIFO was designed 
specifically to simplify the handling of wide-word (up to 
36-bits) data buffering. The notable features of this 
device relating to data bus funneling are: 


e Selectable 36/18/9-bit Word Width on Port B 


e Two 256 x 36-bit FIFO Buffers for Bidirectional 
Operation 


e Synchronous operation on both Ports A and B 


@ Fully Asynchronous Communications between 
Port A and Port B 


e Only One Set of Flags for the Entire 36-bit 
Wide Word 


e Capable of 40-MHz operation 


WRITE CYCLE 


at 


VALID X DATA VALID 


Figure 2a. 36-Bit to 9-Bit Conventional Funneling Write and Read Timing Diagram 
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The LH5420 provides an easy one chip solution to the 
problems associated with funneling one size databus 
to a different size databus (see Figure 3). The LH5420 
also provides a simple method of buffering wide word 
databusses up to 36 bits wide on each port. There are 
two ports on the LH5420, Port A and Port B. A Port is 
defined as an interface between the outside databus 
and the internal FIFO memory. Each port can be used 
as an input or an output depending on which direction 
the data will travel. The LH5420 allows Port B to be 
selectable in word widths from 36, 18 or 9 bits wide, 
while Port A is fixed at 36-bits wide. 


Two separate 256 x 36-bit FIFO buffers work side-by- 
side to move data in opposite directions. This is what 
enables the LH5420 to operate bidirectionally. As an 
example, a 36-bit databus and a 9-bit databus can send 
and receive data back and forth, giving unrestricted 
communication privileges between an 8-bit micro- 
controller and a 32-bit microprocessor. Clock-frequency 
differences between the two busses are not an issue. 
Even though the individual ports are synchronous in 


a! 


Synchronous Bidirectional FIFO 


nature, each port is controlled from separate system 
clocks (CKA and CKB). Each port operates indepen- 
dently from the other, so that port-to-port communica- 
tion occurs asynchronously. 


The LH5420 has five different types of flags available: 
Full Flag (FF), Empty Flag (EF), Half Full Flag (HF), 
Almost Full Flag (AF), and Almost Empty Flag (AE). 
The Almost Empty and Almost Full Flags are program- 
mable. One set of these flags are available for each 
256 x 36 FIFO buffer, to cover the status of data going 
in either direction. The low skew inherent in a single 
monolithic solution eliminates the risk that 
desynchronization will occur within the 36-bit wide word 
in the FIFO. Further protection is afforded because the 
flags cover the full 36-bit word width and not just the 9 
bits that were used in the conventional funneling design 
mentioned above. The problems of designing a system 
around restrictive read and write timing constraints are 
no longer an issue, because the complexities of fun- 
neling timing synchronization are handled automatically 
within the LH5420 bidirectional FIFO. 
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Figure 3. 9-Bit to 36-Bit Conventional Funneling FIFO Circuit 
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Figure 3a. 9-Bit to 36-Bit Conventional Defunneling Read and Write Timing Diagram 
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Figure 4. LH5420, the Single Chip Solution for Databus Funneling 
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SUMMARY 


The SHARP LH5420 bidirectional FIFO provides many 
benefits to a system designer working on applications 
which use wide word databusses (36 bits wide), or 
applications which require funneiing and defunneling 
between databusses of different widths (eg. 8-bit to 
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Figure 4a. LH5420 9-Bit to 36-Bit Funneling Write and Read Timing Diagram 


32-bit, 18-bit to 36-bit, etc.). In comparison with con- 
ventional databus funneling methods, the LH5420 sim- 
plifies your circuit design, allows faster operating 
speeds, uses less board space, reduces component 
count, and provides bidirectional funneling with no ad- 
ditional circuitry. But best of all, it is easy to use. 
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A ONE-CHIP TWO-WAY STREET FOR MICROPROCESSOR COMMUNICATIONS: 
THE SHARP LH5420 36-BIT BIDIRECTIONAL FIFO * 


Chuck Hastings 
Marketing/Applications Manager, FIFO and Specialty Memories 


Sharp Microelectronics Technology, Inc. 
5700 N. W. Pacific Rim Boulevard 
Camas, WA 98607 
206/834-8615 


INTRODUCTION 


New integrated circuits often evolve as single- 
chip embodiments of groups of lower-complex- 
ity parts. When the same multiple-device 
configuration starts turning up in many new 
designs, a semiconductor manufacturer may 
get inspired to develop a one-chip-does-all re- 
placement just by listening to its customers. 
Bidirectional FIFOs, wide enough to hold an 
entire word of data, are one such frequently-oc- 
curring combination. Perhaps one out of every 
five system applications for FIFOs fits this de- 
scription. Usually, the role of a bidirectional 
FIFO is to provide convenient two-way commu- 
nication between two processors or micropro- 
cessors. 


In the past, an effective bidirectional FIFO for 
communication back and forth between two 
32-bit-processors has needed to consist of at 
least eight industry-standard byte-wide unidi- 
rectional FIFO devices, arranged into two 
‘back-to-back’ ranks of four paralleled FIFOs 
each. When parity checking is implemented, 
the data path between processors becomes 
36-bit. Sometimes only one of the two proces- 
sors is 32-bit, and the other one is 16-bit or 8-bit. 
In this event, even more devices must be 
added, to implement multiplexing, demultiplex- 
ing, and control functions at the narrower end 
of the bidirectional data path. 


The LH5420 256 x 36 x 2 bidirectional FIFO, 
now available from Sharp, is a ‘one-chip-does- 
all’ solution to such system requirements for 
two-way interprocessor communication. One 


* See copyright information on page 11. 
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LH5420 can provide either a convenient fully- 
parallel two-way connection from one 36-bit bus 
to another such bus, or it can provide a two-way 
‘funneling/defunneling’ connection from a 36-bit 
bus to an 18-bit bus, or to a 9-bit bus. Thus, the 
LH5420 supports all of the usual microproces- 
sor word widths, and accommodates the extra 
bit per byte for parity or marker-bit usage. It 
operates at up to 40 MHz, and is available either 
ina 120-pin PGA package or in a 132-pin PQFP 
package. 


LH5420 ARCHITECTURE 
AND OPERATION 


The LH5420 includes several enhancements, 
aimed at making a system designer’s life easier. 
The LH5420 itself can check the parity of all 
bytes passing through it in either direction. And 
it features programmable almost-full and al- 
most-empty flags, retransmission capability in 
either direction, ‘mailbox’ capability in either 
direction, a limited form of transceiver-mode 
oper-ation, and a synchronous request/ac- 
knowledge capability which is useful in burst- 
mode communications. 


Conceptually, an LH5420 is organized as two 
36-bit-wide bidirectional ports, Port A and Port 
B. Two full-width 256-word FIFOs, FIFO #1 and 
FIFO # 2, are connected between the two ports, 
one transmitting in each direction. (See Figure 
1.) There are also two full-width one-word mail- 
boxes between the two ports, one likewise 
transmitting in each direction. And there is a 
full-width bidirectional data bypass path, which 
functions during a reset operation. Two asyn- 
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chronous control inputs set the data width of 
Port B at 36 bits, at 18 bits, or at 9 bits. 


Each port has its own clock input. In typical 
applications, a port’s clock input is connected 
to a periodic free-running clock signal, which 


Synchronous Bidirectional FIFO 


may or may not be derived from the same 
frequency source as the other port’s clock input. 
Each port also has three control inputs which 
are sampled at the rising edge (LOW-to-HIGH 
transition) of its clock: read/write, enable, and 
request. Each port also has an ‘Acknowledge’ 
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Figure 1. LH5420 Block Diagram 
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output which is synchronized to its clock, a 
parity flag output, and asynchronous control 
inputs for initiating data re-transmission and for 
enabling/disabling its data outputs. 


FIFO # 1 and FIFO # 2 each have five status 
flags to indicate relative fullness: Full, Almost- 
Full, Half-Full, Almost-Empty, and Empty. The 
Full, Half-Full, and Empty flags are hard-wired 
to signal exactly what their names indicate. But 
there are programmable ‘offsets’ controlling the 
operation of the Almost-Full and Almost-Empty 
flags, to numerically define the boundaries of 
the ‘Almost-Full’ region and the ‘Almost-Empty’ 
region. These offset values are both initialized 
to eight during a reset operation; but either one 
may be changed under system control, inde- 
pendently of the other one, to any value from 
zero to 255. 


While a data transfer is actually taking place, 
the port’s Acknowledge output repeats the 
same information as either the Almost-Full flag 
or the Almost-Empty flag, depending on the 
current direction of data transfer — Almost-Full 
when writing, and Almost-Empty when reading. 


The five relative-fullness status flags may 
change state either in response to a write event 
clocked at one port, orelse in response to aread 
event clocked at the other port. The port’s Ac- 
knowledge output signal, however, is totally 
synchronous with the clock input signal at that 
port; except, that it gets deasserted immediately 
if at any time the Request input signal is 
deasserted. 


Both the Request control input and the Enable 
control input of a port must be asserted, in order 
for that port to carry out a read operation ora 
write operation. The Read/Write control input 
determines which type of operation gets per- 
formed. 


The action of the Request and Enable signals 
within the LH5420 are generally similar; but 
their detailed timing is different. The Enable 
signal is presumed to be originating as a syn- 
chronous signal referenced to the same clock 
signal used by the port. On the other hand, the 
Request signal may arise asynchronously, 
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elsewhere in the system; the LH5420 contains 
resynchronizing circuits, which reference the 
Request signal to the port clock internally within 
the LH5420. 


Either port may place a full 36-bit word in the 
other port’s mailbox register. Doing so sets a 
mailbox flag, which is synchronized to the re- 
ceiving port’s clock. This flag is reset whenever 
the receiving port has read the word in the 
mailbox register. Both ports have the ability to 
select either their outgoing FIFO or their outgo- 
ing mailbox for writing, or either their incoming 
FIFO or their incoming mailbox for reading. 


Although Port Aand Port B both have the capa- 
bility to send and receive 36-bit data words, 
each port has one major function unique to it. 
Port A is the master port for purposes of re- 
source-allocation and control functions, such as 
changing the value of the offsets for the Almost- 
Full and Almost-Empty flags, or changing the 
byte parity scheme from odd parity to even 
parity. Port B, on the other hand, is the port 
which is capable of setting its effective data 
width at 36 bits, 18 bits, or 9 bits. 


Two asynchronous inputs control the data width 
of Port B. Changing this data width does not 
require any reset operation. However, sufficient 
time must be allowed for the LH5420’s internal 
byte-shifting and demultiplexing circuits to set- 
tle; waiting for two full Port B clock cycles is 
recommended. 


‘SYNCHRONOUS’ FIFOs AND 
‘ASYNCHRONOUS’ FIFOs 


The antonyms ‘synchronous’ and 
‘asynchronous’ each have taken on two very 
different meanings in FIFO applications litera- 
ture. The first meaning has to do with the timing 
of the FIFO’s data and control inputs, and of its 
data and status outputs. The second meaning 
has to do with the capability of the FIFO to adjust 
itself to different and unrelated timing require- 
ments at each of its two ends. 


According to the first meaning of these terms, a 


‘synchronous’ FIFO operates with a free-run- 
ning clock input, but performs operations such 
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as writing or reading only when these opera- 
tions are ‘enabled.’ Data inputs, and control 
inputs such as enable signals and mode-control 
signals, must all meet setup time and hold time 
requirements with respect to the free-running 
clock. Data outputs and status outputs are pre- 
sumed valid after some specified delay time has 
elapsed, following a transition of the free-run- 
ning clock. 


FIFOs which are ‘asynchronous,’ according to 
this meaning of ‘asynchronous,’ do not use any 
such free-running clock. Some older-architec- 
ture ‘asynchronous’ FIFOs even use edge-sen- 
sitive, rather than level-sensitive, control inputs. 
‘Synchronous’ FIFOs sometimes may be made 
to behave as ‘asynchronous’ FIFOs, if desired, 
by connecting their ‘enable’ inputs to be perma- 
nently asserted, and using their free-running 
clock inputs as asynchronous edge-sensitive 
‘demand’ control input signals. 


According to the second meaning of the terms 
‘synchronous’ and ‘asynchronous,’ however, a 
‘synchronous’ FIFO would be a FIFO having 
both its input port and its output port always 
synchronized to the same ‘clock’ signal; in other 
words, a glorified shift register. An ‘asyn- 
chronous’ FIFO, on the other hand, can operate 
with its input port synchronized to one timing 
signal, and its output port synchronized to a 
second timing signal having no necessary rela- 
tion to the first one; and neither timing signal 
needs to be regular or periodic. 


The LH5420 has a free-running-clock-plus-en- 
able control structure; and so its two internal 
FIFOs are ‘synchronous’ FIFOs in the first 
sense of this term, except that the behavior of 
the five relative-fullness flags is not entirely 
‘synchronous.’ However, they are completely 
‘asynchronous’ FIFOs in the second sense; 
there is no necessary synchronization relation 
between the Port A clock and the Port B clock, 
nor is either of these clocks required to be 
strictly periodic. This type of behavior is usually 
considered to be useful, system-friendly, and 
what FIFOs are all about. 
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DESIGNING WITH THE LH5420 


In some applications, data bursts get pushed 
through a FIFO at or close to the FIFO’s maxi- 
mum word rate; but the system must take some 
immediate action if the FIFO ever becomes 
completely full or completely empty. The 
LH5420’s Request/Acknowledge feature sup- 
ports such a mode of operation. The Acknowl- 
edge output signal meets the setup time and 
hold time requirements for the Enable input, 
and may simply be tied back to it, in order to 
prevent complete filling or complete emptying 
of the active FIFO. This mode of operation 
slightly decreases the maximum data rate. 


In essence, the Acknowledge signal is a syn- 
chronous ‘proxy’ or ‘predictor’ for whichever 
‘Almost’ flag is pertinent to the current data- 
transfer operation. Because synchronous pre- 
dictive logic is used to determine the state of 
this signal, it is actually faster than the corre- 
sponding flag. 


Assume now that a port’s Request input is being 
continuously asserted, say for writing into the 
outbound FIFO forthat port. As long as the FIFO 
does not get into the ‘Almost-Full’ region, that 
is, the number of vacant FIFO physical words 
never falls below the ‘Almost-Full’ offset value, 
then the Acknowledge output is continuously 
asserted by the LH5420 control logic, and a 
word gets written into the FIFO as a result of 
every write-clock pulse. However, if the FIFO 
does become ‘Almost Full,’ then the Acknowl- 
edge output gets asserted only on every third 
write-clock pulse, rather than continuously. 
Thus, if the Acknowledge output has been tied 
back to the Enable input, the wide-open data 
rate then gets slowed down immediately, so that 
the writing of each word can be handled on a 
full-handshake basis. This operational tech- 
nique allows achieving the maximum data rate 
much of the time, and yet protects the system 
against data loss caused by overrunning the 
FIFO boundaries. 
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When the system is operating an LH5420 in 
block-transfer mode, where a full block gets 
loaded at one port and then gets unloaded at 
the other port, the Acknowledge signals may be 
used to locate the end of a block, in lieu of 
having to implement an external block-length 
counter. As a simple example, say that the 
system block length is 193 words. The sending 
port loads in one complete block, and 55 words 
from the next block, in burst mode. At this point, 
its Acknowledge signal gets deasserted, indi- 
cating that the FIFO is ‘Almost Full.’ The Ac- 
knowledge signal does behave exactly in this 
manner, provided that the corresponding ‘AI- 
most-Full’ flag offset still remains at its default 
value of eight. The receiving port then unloads 
the block. If its ‘Almost-Empty’ offset value has 
been set to 55, its Acknowledge signal will get 
deasserted exactly at the end of the block. 
Since this indication occurs within a clock 
period, it is fast enough to be accurate without 
any uncertainty. 


The LH5420’s parity-checking facilities treat all 
nine bits alike, of each byte passing through one 
of the two FIFOs; the ‘parity bit’ may be in any 
position within a byte. A ten-input parity gate 
scans each group of nine bits in the output 
register of each port; the tenth input of each 
parity gate is from the even/odd-parity control 
flipflop, which may be programmed from Port A. 
This flipflop is set for odd parity when the 
LH5420 is reset; but it may be reprogrammed 
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to even, or back to odd, at any time subse- 
quently. If any of the four parity gates at a port 
ever detects an odd number of ‘ones’ in a byte, 
including the control flipflop in the ‘ones’ count, 
then the port’s parity flag is asserted as long as 
the word containing the erroneous byte remains 
in the output register. 


SUMMARY 


The LH5420 36-bit bidirectional synchronous 
FIFO, available now from Sharp, is a system- 
oriented ‘one-chip-does-all’ part, intended to 
simplify back-and- forth communications be- 
tween two microprocessors, microcontrollers, 
or similar devices. 


The LH5420 offers several sophisticated fea- 
tures: on-the-fly parity checking, word-widcth 
matching of a 36-bit bus to an 18-bit bus ortoa 
9-bit bus, two-way mailbox communications, 
and synchronous Acknowledge signals which 
can be used to give a quick and accurate end- 
of-block indication or an advance warning of 
FIFO fullness or emptiness. 


In most bidirectional-FIFO applications, one 
LH5420 replaces many lower-level and discrete 
parts, and simplifies system design. It offers 
high performance for burst operations; it can 
transfer a 36-bit word in each direction every 25 
nanoseconds. 


* COPYRIGHT INFORMATION: This paper is aslightly modified version of the paper with the same title which appearedin the Northcon/9 1 Conference 
Record, paper D6/1; 1-3 October 1991. Also, in the Wescon/91 Conference Record, paper 7/4; 19-21 November 1991. 
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TYP. 


DIMENSIONS IN MM [INCHES] STITT 
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Packaging 


| 32SOu (SOJ32-P-400) 


DETAIL 


10.40 [0.409] 


10.00 [0.394] re, 


3.70 [0.146] 2600. deat 
11.13 [0.438 30 
10.73 apps $90 [9.1501 2.20 [0.087] 


0.64 [0.025] MIN 


0.80 [0.031] 
21.20 [0.835] 0.60 [0.024] 


20.80 [0.819] 
ics 0.102 [0.004] 


0.53 [0.021] 1.15 [0.045] 
0.33 [0.013] 0.85 [0.033] — ie cast 


DIMENSIONS IN MM [INCHES] YAASEMENET 


1.27 [0.050] 
TYP. 


24SOP (SOP24-P-450) 


1.27 [0.050] 
0.50[0.120] —~‘TYP. 


0.30 [0.012] 1.70 [0.067] 


4 


10.60 [0.417] 


8.80 [0.347] 12.40 [0.488] 
8.40 [0.331] 11.60 [0.457] 


1.70 [0.067] eels 


15.60 [0.614] 0.20 [0.008] 
15.20 [0.598] 0.10 [0.004] 


0.15 [0.006] 


1.03 [0.040] 


2.40 [0.094] 
0.20 [0.008] 
0.00[0.000] 


1.03 [0.040] 


DIMENSIONS IN MM [INCHES] NON GRIT 
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28SOP (SOP28-P-450) 


1.27 [0.050] 


0.50 [0.020] TYP. 


0.30 [0.012] 1.70 [0.067] 


8.80 [0.346] 
8.40 [0.331] 


1.70 [0.067] 


18.20 [0.717] 
17.80 [0.701] 


0.15 [0.006] 


1.03 [0.041] 


Packaging 


; 


12.40 [0.488] 10.60 [0.417] 


11.60 [0.457] 


| 


0.20 [0.008] 
0.10 [0.004] 


2.40 [0.094] 
2.00 [0.079] 


0.20 [0.008] 
0.00 [0.000] 
1.025 [0.041] 


DIMENSIONS IN MM [INCHES] MOS 


32SOP (SOP32-P-525) 


1.27 [0.050] 
0.50 [0.020] TYP. 


0.30 [0.012] 1.40 [0.055] 


14.50 [0.571] 
13.70 [0.539] 


1.40 [0.055] 


20.80 [0.819] 
20.40 [0.803] 


0.15 [0.006] 


1.28 [0.50] 


4 


12.50 [0.492] 


11.50 [0.453] 
11.10 [0.437] 


| 


0.20 [0.008] 
0.10 [0.004] 


2.90 [0.114] 
2.50 [0.098] 


0.20 [0.008] 
0.00 [0.000] 


1.28 [0.050] 


DIMENSIONS IN MM [INCHES] Sa gee 





Packaging 


40SOP (SOP40-P-525) 


1.27 [0.050] 


0.50 [0.020] TYP. 


0.30 [0.012] 1.40 [0.055] 


+ 


11.50 [0.453] 14.50 [0.571] 12.50 [0.492] 
11.10 [0.437] 13.70 [0.539] 


1.40 [0.055] |i 


26.50 [1.043] 0.20 [0.008] 
26.10 [1.028] 0.10 [0.004] 


0.15 [0.006] 


1.28 [0.050] 


2.90 [0.114] 
2.50 [0.098] 


0.20 [0.008] 
0.00 [0.000] 
1.28 [0.050] 


DIMENSIONS IN MM [INCHES] Ae 


44SOP (SOP44-P-600) 


1.27 [0.050] 


0.50 [0.120] TYP. 
0.30 [0.012] 


13.40 [0.528] 16.40 [0.646] 


13.00 [0.512] 15.60 [0.614] 14.40 [0.567] 


| 


28.40 [1.119] 0.20 [0.008] 
28.00 [0.102] 0.10 [0.004] 


0.15 [0.006] 


1.275 [0.050] 


ae ey 2.9 [0.114] 3.25 [0.128] 
{| | 2.5 [0.098 2.45 [0.096] 
0.25 [0.010] 
0.05 [0.002} 


1.28 [0.050] 


DIMENSIONS IN MM [INCHES] TNE 
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Packaging 


26TSOP (TSOP26-P-300) 


0.50 [0.020] 1.27 [0.050] 
0.30 [0.012] TYP. 


i 


7.80 [0.307] 9.60 [0.378] 8.20 [0.323] 


7.40 [0.291] 8.80 [0.347] 


17.40 [0.685] 0.20 [0.008] 
17.00 [0.669] 0.10 [0.004] 


0.15 [0.006] 
1.00 [0.039] 


0.20 [0.008] 
0.00 [0.000] 


DIMENSIONS IN MM [INCHES] SEA CGE 


32TSOP (TSOP32-P-0820) 


0.30 [0.012] 0.50 [0.020] 
0.10 [0.004] TYP. 


18.60 [0.732] 20.40 [0.803] 


18.20 [0.717] 19.60 [0.772] 19.00 [0.748] 


py | 
1 
re 8.20 [0.323] ae 
7.80 [0.307] 0.20 [0.008] 


0.10 [0.004] 


0.15 [0.006] 
1.00 [0.039] 


oom 7 ‘20,0047 


0.20 [0.008] 
0.00 [0.000} 


DIMENSIONS IN MM [INCHES] Aaa 





Packaging 


48TSOP (TSOP48-P-1218) 


0.49 [0.019] 
0.47 [0.019] 


48 alee. | 25 
A 





16.60 [0.654] 18.40 [0.654] 
16.20 [0.638] 17.60 [0.693] 







17.00 [0.669] 


a 


12.20 [0.480] 0.20 [0.008] 
11.80 [0.465] ek 0.08 son ase 0.10 [0.004] 
MAX 
1.10 [0.043] 







0.425 [0.017] 0.20 [0.008] 
0.00 [0.000] 


| DIMENSIONS IN MM [INCHES] ARNO GET 


44QFP (QFP-44-P-1010) 
0.48 [0.019] 


0.80 [0.031] 
oS 0.28 [0.011] 
1.75 [0.069] 


10.20 [0.402] 13.90 [0.547] 
9.80 [0.386] 13.10 [0.516] 


aT TT] TT 1.75 [0.069] 
10.20 [0.402] ' 
9.80 [0.386] 
1.75 [0.069] 1.75 [0.069] 


13.90 [0.547] 
13.10 [0.516] 


DIMENSIONS IN MM [INCHES] Re i ee 
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0.90 [0.035] 


48TSOP | 


0.20 [0.008] 
0.10 [0.004] 


oT 


11.50 [0.453] 


1.05 [0.041] 
0.65 [0.026] 


1.65 [0.065] 
1.25 [0.049] 


0.20 [0.008] 
0.00 [0.000] 


Packaging 


44QFP (QFP-44-P-1414) 


0.20 [0.008] 
0.48 [0.020] 0.10 [0.004] 


op 0.280.011] =“ 


1.90 [0.075] 


14.20 [0.560] 18.20 [0.717] 
13.80 [0.543] 17.40 [0.685] 15.80 [0.622] 


1.90 [0.075] 


14.20 [0.560] 1.20 [0.047] 
13.80 [0.543] 0.80 [0.031] 


18.20 [0.717] 
17.40 [0.685] 1.70 [0.067] 


| 0.20 [0.008] 
DIMENSIONS IN MM [INCHES] STi 0.00 {0.000} 


64QFP (QFP64-P-1420) 


0.20 [0.008] 
eae 0.00 {0.000} ~~ *~ 


SOO OOUO OU 0O000 0000) % 


w 


2 
1.00 [0.039] 


19.20 [0.756] 

18.40 [0.724] 
14.20 [0.559] 
13.80 [0.543] 


ft 0.50 [0.020] 


| 0.30 [0.012] 16.98 [0.669] 


OOOO OOO O00 00 
SW AAR 


oh 
erence! 
ad 
maga 
—_ P= 
eee 
—es 
Ceerie 3a) 
eel 
aie 
comeoalnes 
—aiie 
exer 
Cetin 
Catan ied 
axe 
maces 
ciated 
eps 
Lisciite, otl 


; 1.50 [0.059] 
20.20 [0.795] 1.10 [0.043] 
2.40 [0.095] 19.6010:772) 2.40 [0.095] 2.95 [0.116] 
25.20 [0.992] 2.55 [0.100] 
24.40 [0.961] 


—————— 





_ 10.20 [0.008] 


| 0.10 [0.004] 
ial 22.98 [0.905] _ 


DIMENSIONS IN MM [INCHES] A NGM ee 
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Packaging 


120PGA (PGA120-C-S 1360) 


BOTTOM 
2.54 [.100] BSC 


LOOOOOOOOOOOGS 
OOOCOOOQOOOOOOE 
OOOOOOOOOOOO® | 
©OO©©O 


30.48 [1.200] BSC 


©) 
© 
© 


35.05 [1.380] 
34.03 [1.340] 


©OOOOOOOOO® 
OOOOOOOO®@ 


© 
© 
© 
© 
© 
© 
© 
© 
© 
© 


OOOO OOO 


Gi 


2.54 [.100] BSC 
30.48 [1.200] BSC 


35.05 [1.380] 
34.03 [1.340] 


MAXIMUM LIMIT 


DIMENSIONS IN MM [INCHES] MINIMUM LIMIT 
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LEFT SIDE 
12.70 [.50] DIA TYP 


0.50 [.020] 
0.40 [.016] 


1.40 [.055] 
1.14 [.045] 


3.30 [.130] TYP 


4.82 [.190] 
EAREOI 


SHARP 


28PLCC (PLCC28-P-S450) 
1.143 
[0.045] 


1.143 
1.27 [0.050] TYP 
[0.045] NON-ACCUM 


12.45 + [0.127] 
0.490 + [0.005] 


11.48 
[0.452] 


11.48 [0.452] 


12.45 + [0.127] 
0.490 + [0.005] 


4.369 
[0.015] 2.642 
[0.104] 


tt 


0.508 MIN 
[0.020] 


DIMENSIONS IN MM [INCHES] MMM LIMIT 


Packaging 


1.143 
[0.045] 


0.889 + 0.254 
[0.035 + 0.010] R 


(0.410 + 0.015] 


DETAIL 


81 [0.032] 
66 [0.026] 


0.64 [0.025] 
MIN 
0.64 [0.025] 
MIN 


—| 


0.53 [0.021] 
0.33 [0.013] 








SHARP 
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- Packaging 


32PLCC (PLCC32-P-R450) 


4 


12.50 [0.492] 10.90 [0.429] 


[] 11.40 [0.449] 45°50 [0.484] 10.10 [0.398] 


14.0 [0.551] 


15.10 [0.594] 
14.90 [0.587] 


3.50 [0.138] 
3.10 [0.122] 


1.27 [0.050] 557 [0.022] 
.357 [0.014] 


13.50 [0.531] 
12.70 [0.500] 


DIMENSIONS IN MM (INCHES) oe 7 





52PLCC (PLCC52-P-750) 


20.57 [0.810] 18.80 [0.740] 
19.56 [0.770] 17.78 [0.700] 


19.69 [0.775] 
18.67 [0.735] 


19.69 [0.775] 
18.67 [0.735] 


20.57 [0.810] 
19.56 [0.770] 


(GtngrOTKETOTOLOTGION¢IOIOND) a 3.56 [0.140 


1.27 [0.050] as 0.76 [0.030] 
33 [0.013] 1.38 [0.015] 





DIMENSIONS IN MM (INCHES) a aT Teo 
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| 132PQFP (PQFP132-P-S950) 


28.02 [1.103] 
27.86 [1.097] 


27.56 [1.085] 
27.31 [1.075] 


24.21 [.953] 
24.05 [.947] 


a 
a 


DIMENSIONS IN MM [INCHES] 


SHARP 


4.57 [.180] 
0.635 — 


[.025] TYP 
NON-ACCUM 


PA 


24.21 [.953} 
24.05 [.947] 
27.56 [1.085] 
27.31 [1.075] 


28.02 [1.103] 
27.86 [1.097] 


SECTION 


0.64 [.025] 


gt 
es 
45° t 


CHAMFER 0.51 [.020] MIN. 


0.15 [.006] 


MAXIMUM LIMIT | 0° - 8° CHAMFER 
MINIMUM LIMIT 


Packaging 


51 [.020] 


0.25 [.010] TYP. 
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SHARP 


JAPAN 


i SHARP Corporation “iy 
IC Sales Department » fo 


International Sales & Maksing Group 


IG EJectronic Components 


2673-1 icitinomoto-Cho * 


 Fenti- -City Nara 632, Japan. * 


oS 


- Phone®, (07436) 5-1321 


Telex:s LABOMETA-B J63428 
Sor Ges ee 5-1532 


EUROPE Pook . 


‘SHARP. Rigdvontes rope) GmbH . 


Microelectronics Division | 
SonhinstfaBe 3, 2000 


aa Hamburg 1, ‘ER. Germany +. 


Phone: (40) 238-775-216. “9, - | 
Telex: 2161867 (HEEGD)= §, 
Facsimile: (40) al me Se oF 


SINGAPORE 4.6 


» 


SHARP-ROXY. Sales (Singapore) PTE. Ltd. 
ve Pasir?Panjang, Road, uintgapore: 0511. 





Phone; 47319t.2 65 ~ Ax me, 
~ Telex: 55504 (SRSSIN RS). 2 ie 
“Faesimile: 4794105 | mS, 
es ee | 








NORTH AMERICA 


SHARP Electronics Corporation 
Microelectronics Group 

CVA OM Coad chuiccial acletstee \eteats)h'ze Many BActeA0 
Camas, Washington 98607, U.S.A. 

Phone: (206) 834-2500 

Telex: 49608472 (SHARPCAM) 

Facsimile: (206) 834-8903 


ms (e)ien <e)ie 


| SHARP-ROXY (Hong Kong) Ltd. 

_ 3rd Business Division 

Room 1701-1710, Admiralty Centre, Tower 1 
18 Harcourt Road, Hong Kong 


hone: 8229311/8229348 
Telex: 74258 SRHL HX 


Facsimile: 5297561 /8660779 
KOREA 
ee 
SHARP Electronics Industrial Corporation 


4K, Dae San:Bldg. 14-27 Yeoyido-dong. 
Young Deung Po-ku, Seoul, Korea 
Phone: 78238637 ~ 40 x 

Telex: SHARPE] K26754 2 
Pachimile: 02) 782-5970 _ : 


- 


yee F 





e 2 z : é Sc ya 
+ i Reference No: WT255C 
(iS, ¢ ee i 








